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The Applicants appeal the rejection of Claims 1-5 in the above-captioned patent 
application. These claims were rejected in a final Office Action mailed June 21, 2005. 
Applicants filed an Amendment and Response to Final Office Action on August 19, 2005 and a 
Notice of Appeal on November 4, 2005. 

I. REAL PARTY IN INTEREST 

Pursuant to 37 C.F.R. 41.37(c)(1), Appellants hereby notify the Board of Patent Appeals 
and Interferences that the real party in interest is the assignee of record for this application, 
Genentech, Inc., 1 DNA Way, South San Francisco, CA 94080. 

II. RELATED APPEALS AND INTERFERENCES 

A Notice of Appeal has been filed in the related Application Nos. 10/063,570, 
10/063,591, 10/063,607, 10/063,524, 10/063,530, 10/063,617 and 10/063,640. A Notice of 
Appeal and an Appeal Brief have also been filed in the related Application Nos. 10/063,519; 



Dear Sir: 
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10/063,534; 10/063,540; 10/063,578; 10/063,584; 10/063,586, 10/063,587; 10/063,592; 
10/063,616; 10/063,648; 10/063,652; 10/063,653; 10/063,659; 10/063,660; and 10/063,661. 
Appellants are unaware of any other related appeals or interferences. 

III. STATUS OF THE CLAIMS 

The above-captioned application was filed with Claims 1-6. Claim 6 was canceled in an 
Amendment and Response to Office Action mailed August 19, 2004. Claims 1-5 were finally 
rejected by the Examiner in a final Office Action mailed December 29, 2004. Appellants filed a 
Request for Continued Examination on March 28, 2005. Claims 1-5 were again finally rejected 
by the Examiner in a second final Office Action mailed June 21, 2005. Appellants filed an 
Amendment and Response to Final Office Action amending Claim 1 on August 19, 2005. The 
Examiner mailed an Advisory Action dated October 7, 2005, indicating that the amendment to 
Claim 1 would be entered for purposes of appeal. 

Accordingly, Claims 1-5 are the subject of this appeal. The claims attached hereto as 
Appendix A reflect the claims as amended by the Amendment and Response to Final Office 
Action filed August 19, 2005. 

IV. STATUS OF AMENDMENTS 

Appellants filed an Amendment and Response to Final Office Action amending Claim 1 
on August 19, 2005. The Examiner mailed an Advisory Action dated October 7, 2005, 
indicating that the amendment to Claim 1 would be entered for purposes of appeal. 

V. SUMMARY OF THE CLAIMED SUBJECT MATTER 

The claimed subject matter relates to isolated antibodies which specifically bind to the 
polypeptide having SEQ ID NO:22. As amended, independent Claim 1 reads: 

1 . An isolated antibody that specifically binds to the polypeptide of SEQ ID NO:22. 

Various aspects of the claimed antibody are described in the specification at, for example, 
paragraphs [0024], [0225],[0238]-[0248], and [0361]-[0405]. SEQ ID NO:22 is disclosed in the 
Sequence Listing appended to the application. 
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VI. GROUNDS OF REJECTION TO BE REVIEWED ON APPEAL 

The Examiner has rejected Claims 1-5 under 35 U.S.C. §101, stating that the claimed 
invention is not supported by either a specific and substantial asserted utility or a well- 
established utility. 

The Examiner has also rejected Claims 1-5 under 35 U.S.C. §112, first paragraph. The 
Examiner asserts that since the claimed invention is not supported by either a specific or 
substantial asserted utility or a well-established utility, one. skilled in the art clearly would not 
know how to use the claimed invention. 

Claims 1-5 can be considered as a group for purposes of the utility and enablement 
rejections. 

VII. APPELLANTS' ARGUMENT 

A. Summary of Arguments 
1. Utility Rejection 

The first issue before the Board is whether Appellants have asserted at least one "specific, 
substantial, and credible utility" for the claimed invention. See Examination Guidelines ("Utility 
Guidelines"), 66 Fed. Reg. 1092 (2001). Appellants have asserted that the claimed antibodies to 
the polypeptide of SEQ ID NO:22 (the PRO 101 3 polypeptide) are useful as diagnostic tools for 
cancer, particularly for stomach cancer. This asserted utility is specific, substantial, and credible. 

Briefly stated, Appellants' asserted utility is based on the disclosure in Example 18 of the 

instant application that the mRNA encoding the PRO1013 polypeptide is more highly expressed 

in normal stomach tissue compared to stomach tumor tissue. It is well-established that there is a 

reasonable correlation between changes in mRNA level for a particular gene and a corresponding 

change in the level of expression of the encoded polypeptide, such that increasing or decreasing 

the amount of mRNA for a particular gene leads to a corresponding increase or decrease in the 

amount of the encoded protein. Thus, one of skill in the art would be more likely than not to 

believe that, like the PRO1013 mRNA, the PRO1013 protein is more highly expressed in normal 

stomach tissue compared to stomach tumor tissue. This differential expression of PRO1013 

polypeptide is useful for distinguishing stomach tumor tissue from normal stomach tissue. 

Therefore, the claimed antibodies to the PRO1013 polypeptide have a specific, substantial and 
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credible utility as diagnostic tools for cancer, particularly stomach cancer, as is explained in 
more detail below. 

2. Enablement Rejection 

The second issue before the Board is whether Appellants have enabled the pending 
claims such that one of skill in the art would be able to make and use the claimed invention. The 
Examiner has rejected Claims 1-5 under 35 U.S.C. §112, first paragraph, arguing that because 
the claimed invention is not supported by either a specific or substantial asserted utility or a well- 
established utility, one skilled in the art clearly would not know how to use the claimed invention. 
See Office Action at 3. 1 

For the reasons discussed in detail below, the claimed invention is supported by a specific, 
substantial and credible utility. Because the lack of a supporting utility is the only basis for the 
Examiner's rejection under 35 U.S.C. § 112, first paragraph, the Board should reverse the 
rejection of Claims 1-5 as lacking enablement. 

B. Utility Rejection - Detailed Arguments 

The first issue before the Board is whether Appellants have asserted at least one "specific, 
substantial, and credible utility." See Examination Guidelines, 66 Fed. Reg. 1092 (2001). 
Appellants have asserted that the claimed antibodies to the polypeptide of SEQ ID NO:22 (the 
PRO1013 polypeptide) are useful as diagnostic tools for cancer, particularly for stomach cancer. 
This asserted utility is specific, substantial, and credible, as is explained in more detail below. 

1. Utility - Lesal Standard 

A "specific utility" is defined as utility which is "specific to the subject matter claimed," 
in contrast to "a general utility that would be applicable to the broad class of the invention." See 
M.P.E.P. § 2107.01 I. For example, it is generally not enough to state that a nucleic acid is 
useful as a diagnostic tool without also identifying the condition that is to be diagnosed. 

The requirement of "substantial utility" defines a "real world" use, and derives from the 
Supreme Court's holding in Brenner v. Manson, 383 U.S. 519, 534 (1966) stating that "[t]he 

1 Reference to the "Office Action" or "Final Office Action" is to the Final Office 
Action mailed June 21, 2005, unless indicated otherwise. 
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basic quid pro quo contemplated by the Constitution and the Congress for granting a patent 
monopoly is the benefit derived by the public from an invention with substantial utility" In 
explaining the "substantial utility" standard, M.P.E.P. § 2107.01 cautions, however, that Office 
personnel must be careful not to interpret the phrase "immediate benefit to the public" or similar 
formulations used in certain court decisions to mean that products or services based on the 
claimed invention must be "currently available" to the public in order to satisfy the utility 
requirement. "Rather, any reasonable use that an applicant has identified for the invention that 
can be viewed as providing a public benefit should be accepted as sufficient at least with regard 
to defining a 'substantial' utility." M.P.E.P. § 2107.01 (emphasis added). 

Indeed, the Guidelines for Examination of Applications for Compliance With the Utility 
Requirement, set forth in M.P.E.P. § 2107 11(B)(1) gives the following instruction to patent 
examiners: "If the applicant has asserted that the claimed invention is useful for any particular 
practical purpose . . . arid the assertion would be considered credible by a person of ordinary skill 
in the art, do not impose a rejection based on lack of utility." 

Finally, in assessing the credibility of the asserted utility, the M.P.E.P. states that "to 
overcome the presumption of truth that an assertion of utility by the applicant enjoys" the PTO 
must establish that it is "more likely than not that one of ordinary skill in the art would doubt (i.e., 
'question') the truth of the statement of utility." M.P.E.P. § 2107.02 III A. 

2. Utility - Burden of Proof 

It is well established that a specification which contains a disclosure of utility which 
corresponds in scope to the subject matter sought to be patented "must be taken as sufficient to 
satisfy the utility requirement of § 101 for the entire claimed subject matter unless there is reason 
for one skilled in the art to question the objective truth of the statement of utility or its scope." In 
re Longer, 503 F.2d 1380, 1391, 183 U.S.P.Q. 288, 297 (C.C.P.A. 1974). Thus "the PTO has the 
initial burden of challenging a presumptively correct assertion of utility in the disclosure." In re 
Brana, 51 F.3d 1560, 1566, 34 U.S.P.Q.2d 1436 (Fed. Cir. 1995). Only after the PTO provides 
evidence showing that one of ordinary skill in the art would reasonably doubt the asserted utility 
does the burden shift to the applicant to provide rebuttal evidence sufficient to convince such a 
person of the invention's asserted utility. Id. 
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3. Utility - Standard of Proof 

Compliance with 35 U.S.C. § 101 is a question of fact. Raytheon v. Roper, 724 F.2d 951, 

956, 220 U.S.P.Q. .592, 596 (Fed. Cir. 1983). The evidentiary standard to be used throughout ex 

parte examination in setting forth a rejection is a preponderance of the evidence, or "more likely 

than not" standard. In re Oetiker, 977 F.2d 1443, 1445, 24 U.S.P.Q.2d 1443, 1444 (Fed. Cir. 

1992). This is stated explicitly in the M.P.E.P.: 

[T]he applicant does not have to provide evidence sufficient to establish that an 
asserted utility is true "beyond a reasonable doubt." Nor must the applicant 
provide evidence such that it establishes an asserted utility as a matter of 
statistical certainty. Instead, evidence will be sufficient if, considered as a whole, 
it leads a person of ordinary skill in the art to conclude that the asserted utility is 
more likely than not true . M.P.E.P. § 2107.02, part VII (emphasis in original, 
citations omitted). 

The Court of Appeals for the Federal Circuit has stated that the standard for satisfying the 

utility requirement is a low one: 

The threshold of utility is not high : An invention is "useful" under section 101 if 
it is capable of providing some identifiable benefit. See Brenner v. Manson, 383 
U.S. 519, 534, 86 S.Ct. 1033, 16 L.Ed.2d 69 (1966); Brooktree Corp. v. Advanced 
Micro Devices, Inc., 911 F.2d 1555, 1571 (Fed. Cir. 1992) ("To violate § 101 the 
claimed device must be totally incapable of achieving a useful result"); Fuller v. 
Berger, 120 F. 274, 275 (7th Cir. 1903) (test for utility is whether invention "is 
incapable of serving any beneficial end"). Juicy Whip, Inc. v. Orange Bang, Inc., 
185 F.3d 1364, 1366, 51 U.S.P.Q. 2d 1700 (Fed. Cir. 1999) (emphasis added). 

The low threshold for satisfying the utility requirement is reflected in the standard set by the 
Federal Circuit for invalidating a patent based on a lack of utility: "[T]he fact that an invention 
has only limited utility and is only operable in certain applications is not grounds for finding lack 
of utility. Some degree of utility is sufficient for patentability. Further, the defense of non- 
utility cannot be sustained without proof of total incapacity ." Envirotech Corp. v. Al George, 
Inc., 730 F.2d 753, 762, 221 U.S.P.Q. 473 (Fed. Cir. 1984) (emphasis added, citations omitted). 

Because the standard for satisfying the utility requirement is so low, requiring total 
incapacity for a finding of no utility, the M.P.E.P. cautions that: 

Rejections under 35 U.S.C. 101 have been rarely sustained by federal courts. 
Generally speaking, in these rare cases, the 35 U.S.C. 101 rejection was sustained 
[] because the applicant . . . asserted a utility that could only be true if it violated a 
scientific principle, such as the second law of thermodynamics, or a law of nature, 
or was wholly inconsistent with contemporary knowledge in the art. M.P.E.P. § 
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2107.02 III B., citing In re Gazave, 379 F.2d 973, 978, 154 U.S.P.Q. 92, 96 
(C.C.P.A. 1967) (underline emphasis in original, italic emphasis added). 

4. Appellants Asserted a Specific. Substantial and Credible Utility that is 
Sufficient to Satisfy the Utility Requirement ofS 101 

The claimed subject matter relates to antibodies which specifically bind to the 
polypeptide having SEQ ID NO:22. The polypeptide of SEQ ID NO:22 (referred to as 
"PRO1013 polypeptide") is encoded by the polynucleotide of SEQ ID NO: 21 (also referred to 
as DNA56410-1414). Specification at ffif [0055-0056]. Appellants have asserted that the 
claimed antibodies are useful as diagnostic tools for cancer, particularly stomach cancer. 

In "Example 18: Tumor Versus Normal Differential Tissue Expression Distribution" 
Appellants disclose that the mRNA encoding PRO1013 polypeptide is more highly expressed in 
normal stomach tissue compared to stomach tumor tissue. Specification at fflj [0529-0530] and 
accompanying tables. As explained in paragraph [0530], the differential expression of the 
PRO 101 3 mRNA was detected using the well-established technique of quantitative PCR 
amplification of cDNA libraries isolated from different human normal and tumor tissue samples. 
To ensure that equivalent amounts of nucleic acid were used in each reaction, the cDNA for |3- 
actin was used as a control. 

The specification teaches that identification of the differential expression of a PRO 

polypeptide-encoding mRNA in one or more tumor tissues as compared to one or more normal 

tissues of the same tissue type "renders the molecule useful diagnostically for the determination 

of the presence or absence of tumor in a subject suspected of possessing a tumor." Specification 

at K [0530]. Because it is well established that changes in mRNA levels lead to changes in the 

level of the encoded protein, one would expect the PRO1013 protein to be differentially 

expressed in stomach tumors. The specification states that PRO polypeptides "may also be used 

diagnostically for tissue typing, wherein the PRO polypeptides of the present invention may be 

differentially expressed in one tissue as compared to another, preferably in a diseased tissue as 

compared to a normal tissue of the same tissue type." Specification at If [0336]. Likewise, the 

specification discloses the use of antibodies to PRO polypeptides as diagnostic tools: 

[A]nti-PRO antibodies may be used in diagnostic assays for PRO [polypeptide], 
e.g., detecting its expression (and in some cases, differential expression) in 
specific cells, tissues, or serum. Various diagnostic assay techniques known in 
the art may be used, such as competitive binding assays, direct or indirect 
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sandwich assays and immunoprecipitation assays conducted in either 
heterogeneous or homogeneous phases. Specification at [0407]. 

Taken together, the specification clearly discloses the use of the claimed antibodies as 
diagnostic tools for cancer, particularly stomach cancer. This utility is substantial, as one of skill 
in the art will recognize that the diagnosis of cancer is a "real world" use; it is specific, as the 
diagnosis of stomach cancer is not a utility that applies to the broad class of antibodies; and it is 
credible, as it not a utility "that could only be true if it violated a scientific principle, ...or a law 
of nature, or [is] wholly inconsistent with contemporary knowledge in the art." M.P.E.P. § 
2107.02 III B, citing In re Gazave, 379 F.2d 973, 978, 154 U.S.P.Q. 92, 96 (C.C.P.A. 1967). 

Because Appellants' specification contains a disclosure of utility which corresponds in 
scope to the claimed subject matter, the asserted utility "must be taken as sufficient to satisfy the 
utility requirement of § 101 for the entire claimed subject matter unless there is reason for one 
skilled in the art to question the objective truth of the statement of utility or its scope." In re 
hanger, 503 F.2d 1380, 1391, 183 U.S.P.Q. 288, 297 (C.C.P.A. 1974). Therefore, the burden of 
establishing a prima facie case of lack of utility rests with the PTO. See, In re Brana, 51 F.3d 
1560, 1566, 34 U.S.P.Q.2d 1436 (Fed. Cir. 1995) ("the PTO has the initial burden of challenging 
a presumptively correct assertion of utility in the disclosure"). 

5. The Examiner's Arguments 

In the first Office Action, dated June 3, 2004, the Examiner rejected the pending claims, 
stating "Claims 1-6 are rejected under 35 U.S.C. 101 because the claimed invention is not 
supported by either a specific, substantial and credible asserted utility or a well established 
utility." First Office Action at 3. This rejection is maintained in the final Office Action mailed 
June 21, 2005. Office Action at 3. 

To establish a prima facie showing that the claimed subject matter lacks utility, the 
Examiner must "provide [] evidence showing that one of ordinary skill in the art would 
reasonably doubt the asserted utility." In re Brana, 51 F.3d 1560, 1566, 34 U.S.P.Q.2d 1436 
(Fed. Cir. 1995). The Examiner has issued a first Office Action, a first final Office Action, a 
first Advisory Action, a second final Office Action after RCE, and a second Advisory Action 
during the prosecution of the instant application. None of these papers provide any evidence that 
one of ordinary skill in the art would reasonably doubt the asserted utility. 
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During the course of prosecution, the Examiner has made a number of irrelevant 
arguments regarding an asserted lack of correlation between gene amplification and an increase 
in gene expression, as well as the role of aneuploidy in cancer, citing references by Sen and 
Pennica et al These arguments are irrelevant for the reasons discussed in Appellants 
Amendment and Response filed on August 19, 2004. As it appears that the Examiner no longer 
relies on these arguments and references, they will not be addressed. See Office Action at 3 
("The Office acknowledges that the microarray experiments disclosed in the specification 
(example 18) does measure the level of mRNA expressed in tumor and normal controls. Thus, 
the Office will not respond to Applicants arguments with respect to both Pennica et al. and Sen et 
al. references.") 2 The Examiner's remaining arguments are summarized below. 

The Examiner states that the specification discloses that the PRO1013 polynucleotide is 
more highly expressed in normal stomach tissue compared to stomach tumor tissue, and that 
Applicants have asserted the use of the molecule for diagnosis. However, the Examiner rejects 
this utility, stating that "[t]here is no further supporting evidence to indicate that the polypeptide 
encoded by the polynucleotide of the instant invention is also differentially expressed in the 
normal tissue compared to the tumor tissue and as such one of skill in the art would conclude that 
it is not supported by a substantial asserted utility or a well-established utility." Office Action at 
4. The Examiner raises essentially two arguments to reject the asserted utility. 

First, the Examiner challenges the sufficiency of the data presented in Example 18. The 
Examiner argues that the evidence of differential expression of the PRO1013 mRNA in stomach 
tumors is insufficient because it does not teach what the normal level of expression is, it does not 
indicate how high the expression level is, it lacks statistical correlation, there is no description of 
the type or kind of stomach tumor, and there is no correlation between any specific disorder and 
the altered level or form of the polypeptides. See First Office Action at 5-6. The Examiner also 
cites Hu et al (J. Proteome Res., (2003) 2(4):405-12) to support his assertion the literature 
cautions researchers from drawing conclusions based on small changes in transcript expression 
levels between normal and cancerous tissue. Final Office Action at 10. 



2 For the record, Appellants note that the experiments reported in Example 18 of 
the specification are not microarray experiments, but rather semi-quantitative PCR analysis of 
cDNA libraries. 
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Second, the Examiner argues that "the correlation between mRNA expression and protein 
expression is poor at best/ 5 citing Haynes et al (Electrophoresis, (1998) 19(11):1862V71), Chen 
et al (Mol. and Cell. Proteomics, (2002) 1:304-313) and Gygi et al (Mol. and Cell. Bio., (1999) 
1 9(3): 1 720-30) for support. Final Office Action at 1 1 . 

Based on these arguments, the Examiner concludes that "[fjurther research needs to be 
done to determine whether the increase of PRO 101 3 cDNA in normal stomach compared to 
stomach tumor tissue supports a role for the polypeptide in the cancerous tissue; such a role has 
not been suggested by the instant disclosure." Office Action at 5. The Examiner states that this 
further research requirement makes clear that the asserted utility is not substantial, and therefore 
the Appellants' invention is not complete. Id. at 5. 

6. The Examiner has not established a Prima Facie case that Claims 1-5 lack 
Utility 

The above arguments do not satisfy the Examiner's burden to "provide[] evidence 
showing that one of ordinary skill in the art would reasonably doubt the asserted utility." In re 
Brana, 51 F.3d 1560, 1566, 34 U.S.P.Q.2d 1436 (Fed. Cir. 1995). The Examiner has the burden 
of presenting "countervailing facts and reasoning sufficient to establish that a person of ordinary 
skill would not believe the applicant's assertion of utility." M.P.E.P. at §2107.02 III. A., citing in 
re Brana, 51 F.3d 1560, 1566, 34 U.S.P.Q.2d 1436 (Fed. Cir. 1995) ("Only after the PTO 
provides evidence showing that one of ordinary skill in the art would reasonably doubt the 
asserted utility does the burden shift to the applicant to provide rebuttal evidence") (emphasis 
added). The Examiner relies on the Hu et al, Haynes et al, Chen et al and Gygi et al 
references, to support his arguments. However, for the reasons discussed below, they do not 
support the Examiner's position. Therefore, the Examiner's assertions are not supported by any 
facts, evidence, or reasoning, and there is simply no evidence in the record to support the 
Examiner's arguments that Appellants' asserted utility is not substantial, and the invention is 
incomplete. Absent some substantial evidence to support his assertions, the Examiner has failed 
to establish a prima facie showing that one of skill in the art would reasonably doubt the asserted 
utility, and the Board should accept Appellants' disclosed utility as sufficient. 
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a. The data in Example 18 are sufficient to establish the asserted utility 
Appellants turn first to the Examiner's arguments challenging the reliability of the data 
reported in Example 18. The Examiner argues that Example 18 and the first declaration of Mr. 
Grimaldi are insufficient to overcome the utility rejection of the pending claims because the 
specification does not teach what the normal level of expression is, it does not indicate how high 
the expression level is compared to the disease tissue, it lacks statistical correlation, there is no 
description of the type or kind of stomach tumor, and there is no correlation between any specific 
disorder and the altered level or form of the polypeptide. See First Office Action at 5. The 
Examiner also argues that the literature cautions researchers from drawing conclusions based on 
small changes in transcript expression levels between normal and cancerous tissue, citing Hu et 
al (J. Proteome Res., (2003) 2(4):405-12). Final Office Action at 10. None of these 
unsupported arguments are sufficient to establish a prima facie case that one of skill in the art 
would reasonably doubt the asserted utility. 

As an initial matter, Appellants note that in the closely related application Serial No. 
10/063,676, directed to nucleic acids related to SEQ ID NO:21 which encodes the PRO1013 
polypeptide, the Examiner has acknowledged that the nucleic acids have utility. See Office 
Action dated 6/10/2005 at 2-3. In that case, the exact same data from Example 18 was relied on 
for utility of the claimed nucleic acids as diagnostic tools for stomach tumors. In response to 
Appellants' arguments, the Examiner stated "Applicants assertion that the differentially 
expressed message can be used as diagnostic tool for stomach tumors is found to be persuasive ." 
Id. at 2-3 (emphasis added). Therefore, Appellants submit that the Examiner's rejection of the 
exact same data in the instant case is moot in light of this statement. 

Appellants note that the only objection by the Examiner to the data in Example 18 that is 
supported by any reasoning or evidence is the assertion based on the Hu et al reference that the 
literature cautions researchers from drawing conclusions based on small changes in transcript 
expression levels between normal and cancerous tissue. The remainder of the objections are not 
supported by any evidence or reasoning as to why this makes the data in Example 18 insufficient, 
and therefore they cannot establish a prima facie case. See In re Brana, 51 F.3d 1560, 1566, 34 
U.S.P.Q.2d 1436 (Fed. Cir. 1995) ("Only after the PTO provides evidence showing that one of 
ordinary skill in the art would reasonably doubt the asserted utility does the burden shift to the 
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applicant to provide rebuttal evidence.") (emphasis added). Despite this deficiency, Appellants 
address the Examiner's arguments below. 

The gene expression data in Example 18 of the specification show that the mRNA 
associated with protein PRO1013 is more highly expressed in normal stomach tissue compared 
to stomach tumor tissue. See Specification at If [0530] and accompanying tables. Gene 
expression was analyzed using standard quantitative PCR amplification reactions of cDNA 
libraries isolated from different human tumor and normal human tissue samples. Id It is well 
known in the art that the number of copies of a particular cDNA in the cDNA library is 
determined by the number of copies of the corresponding mRNA in the sample. Therefore, the 
cDNA libraries can be used to determine the level of expression of the corresponding mRNA in 
the tissue. 

Appellants have asserted that identification of the differential expression of the PRO 101 3 
polypeptide-encoding gene in tumor tissue compared to the corresponding normal tissue renders 
the molecule useful as a diagnostic tool for the determination of the presence or absence of tumor. 
Id In support of this asserted utility, Appellants submitted as Exhibit A to their Amendment and 
Response to Office Action mailed August 19, 2004, a first Declaration of J. Christopher 
Grimaldi, an expert in the field of cancer biology. This declaration explains the importance of 
the data in Example 18, and how differential gene and protein expression studies are used to 
differentiate between normal and tumor tissue. See First Grimaldi Declaration. 

In paragraphs 6 and 7, Mr. Grimaldi explains that the semi-quantitative analysis 
employed to generate the data of Example 1 8 is sufficient to determine if a gene is over- or 
under-expressed in tumor cells compared to corresponding normal tissue. He states that any 
visually detectable difference seen between two samples is indicative of at least a two-fold 
difference in cDNA between the tumor tissue and the counterpart normal tissue. He also states 
that the results of the gene expression studies indicate that the genes of interest "can be used to 
differentiate tumor from normal." He explains that, contrary to the PTO's assertions, "[t]he 
precise levels of gene expression are irrelevant; what matters is that there is a relative difference 
in expression between normal tissue and tumor tissue." First Grimaldi Declaration at f 7. 

This declaration makes clear that since it is the relative level of expression between 
normal tissue and suspected cancerous tissue that is important, how high the level of expression 
in normal tissue is, is irrelevant. As to the Examiner's questions about the reliability and 
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reproducibility of the results, Appellants employed standard techniques which are well-known 
and accepted by those of skill in the art. The Grimaldi Declaration states that if a difference is 
detected using these techniques, "this indicates that the gene and its corresponding polypeptide 
and antibodies against the polypeptide are useful for diagnostic purposes..." Id. Thus, it is the 
uncontested opinion of an expert in the field that the results are reliable enough to indicate that 
the claimed antibodies are useful as diagnostic tools. As to the Examiner's concerns regarding 
the number and types of samples used, the Grimaldi Declaration states that the samples are 
pooled samples of normal and tumor tissue, and therefore are more reliable than individual 
samples. Id. at f 5. 

The Examiner has also rejected the data because he questions the statistical significance 
of the data. However, Appellants are not required to prove utility to a statistical certainty, only 
that it is more likely than not true. See Nelson v. Bowler, 626 F.2d 853, 856-57, 206 U.S.P.Q. 
881, 883-84 (C.C.P.A. 1980) (reversing the Board and rejecting an argument that evidence of 
utility was insufficient because it was not statistically significant). Therefore, whether the results 
are statistically significant or not is irrelevant to establishing the asserted utility. 

The Examiner has also cited Hu et al. (J. Proteome Res., (2003) 2(4):405-12) i for support 
for its assertion the literature cautions researchers from drawing conclusions based on small 
changes in transcript expression levels between normal and cancerous tissue. The PTO states 
that Hu teaches that not all genes with increased expression in cancer have a known or published 
role in cancer. 

In Hu, the researchers used an automated literature-mining tool to summarize and 
estimate the relative strengths of all human gene-disease relationships published on Medline. 
They then generated a microarray expression dataset comparing breast cancer and normal breast 
tissue. Using their data-mining tool, they looked for a correlation between the strength of the 
literature association between the gene and breast cancer, and the magnitude of the difference in 
expression level. They report that for genes displaying a 5-fold change or less in tumors 
compared to normal, there was no evidence of a correlation between altered gene expression and 
a known role in the disease. See Hu at 411. However, among genes with a 10-fold or more 
change in expression level, there was a strong correlation between expression level and a 
published role in the disease. Id. at 412. Importantly, Hu reports that the observed correlation 
was only found among estrogen receptor-positive tumors, not ER-negative tumors. Id. 
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The general findings of Hu are not surprising - one would expect that genes with the 
greatest change in expression in a disease would be the first targets of research, and therefore 
have the strongest known relationship to the disease as measured by the number of publications 
reporting a connection with the disease. The correlation reported in Hu only indicates that the 
greater the change in expression level, the more likely it is that there is a published or known role 
for the gene in the disease, as found by their automated literature-mining software. Thus, Hu's 
results merely reflect a bias in the literature toward studying the most prominent targets, and 
reflect nothing regarding the ability of a gene that is 2-fold or more differentially expressed in 
tumors to serve as a disease marker. 

Hu acknowledges the shortcomings of this method in explaining the disparity in Hu's 
findings for ER-negative versus ER-positive tumors: Hu attributes the "bias in the literature" 
toward the more prevalent ER-positive tumors as the explanation for the lack of any correlation 
between number of publications and gene expression levels in less-prevalent (and, therefore, less 
studied) ER-negative tumors. Id. Because of this intrinsic bias, Hu's methodology is unlikely to 
ever note a correlation of a disease with less differentially-expressed genes and their 
corresponding proteins, regardless of whether or not an actual relationship between the disease 
and less differentially-expressed genes exists. Accordingly, Hu's methodology yields results that 
provide little or no information regarding biological significance of genes with less than 5-fold 
expression change in disease. Nowhere in Hu does it say that a lack of correlation in their study 
means that genes with a less than five-fold change in level of expression in cancer cannot serve 
as a molecular marker of cancer. 

Appellants submit that a lack of known role for PRO 101 3 in cancer does not prevent its 
use as a diagnostic tool for cancer. There is a difference between use of a gene for distinguishing 
between tumor and normal tissue on the one hand, and establishing a role for the gene in cancer 
on the other. Genes with lower levels of change in expression may or may not be the most 
important genes in causing the disease, but the genes can still show a consistent and measurable 
change in expression. While such genes may or may not be good targets for further research, 
they can nonetheless be used as diagnostic tools. Thus, Hu does not refute the Appellants' 
assertion that the PRO1013 gene can be used as a cancer diagnostic tool because it is 
differentially expressed in certain tumors. 
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Contrary to the Examiner's assertion that one must know what role a gene or polypeptide 
plays in cancer for it to have utility, the PTO's own written policies recognize that the utility of a 
nucleic acid does not depend on the function of the encoded gene product. The Utility 
Examination Guidelines published on January 5, 2001 state: "In addition, the utility of a claimed 
DNA does not necessarily depend on the function of the encoded gene product. A claimed DNA 
may have a specific and substantial utility because, e.g. it hybridizes near a disease-associated 
gene or it has a gene regulating activity." (Federal Register, Volume 66, page 1095, Comment 
14). Similarly, here the disclosed nucleic acids, as well as the encoded polypeptides and related 
antibodies, are useful for determining whether an individual has cancer regardless of whether or 
not they are the cause of the cancer. 

The position of the Examiner requiring a known role for PRO 1013 in cancer for utility is 
also inconsistent with the analogous standard for therapeutic utility of a compound where "the 
mere identification of a pharmacological activity of a compound that is relevant to an asserted 
pharmacological use provides an 'immediate benefit to the public' and thus satisfies the utility 
requirement." M.P.E.P. §2701.01 (emphasis original). Here, the mere identification of altered 
expression in tumors is relevant to diagnosis of tumors, and, therefore, provides an immediate 
benefit to the public. 

The data in Example 18 and the first Grimaldi Declaration are therefore sufficient to 
establish the asserted utility, and the Examiner has not rebutted the presumption of utility that the 
Appellants' application is afforded. Mr. Grimaldi is an expert in the field who conducted or 
supervised the experiments at issue. His declaration is based on personal knowledge of the 
relevant facts at issue. Appellants' have reminded the Examiner that "Office personnel must 
accept an opinion from a qualified expert that is based upon relevant facts whose accuracy is not 
being questioned." M.P.E.P, § 2107 (emphasis added). In addition, declarations relating to 
issues of fact should not be summarily dismissed as "opinions" without an adequate explanation 
of how the declaration fails to rebut the Examiner's position. See in re Alton 76 F.3d 1 168 (Fed. 
Cir. 1996). 

The Examiner has offered no reason or evidence to reject either the underlying data or Mr. 
Grimaldi's conclusions. Therefore, the Examiner should accept Mr. Grimaldi's opinion with 
regard to his statement that "any visually detectable difference seen between two samples is 
indicative of at least a two-fold difference in cDNA between the tumor tissue and the counterpart 
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normal tissue" and that the genes of interest "can be used to differentiate tumor from normal." 
This is the same assertion that Appellants have made and the Examiner has accepted in the 
related application, Serial No. 10/063,676, directed to nucleic acids related to SEQ ID NO:21 
which encodes the PRO1013 polypeptide. See Office Action dated 6/10/2005 at 2-3. 

In conclusion, Appellants submit that the evidence reported in Example 18, supported by 
the first Grimaldi Declaration, establish that there is at least a two-fold difference in PRO1013 
mRNA between stomach tumor tissue and normal stomach tissue. Therefore, it follows that the 
PRO1013 gene, polypeptide, and antibody can be used to distinguish stomach tumor tissue from 
normal stomach tissue. The Examiner has not offered any significant arguments or evidence to 
the contrary, and therefore has not established a prima facie case that one of skill in the art would 
reasonably doubt the asserted utility. 

b. The three references cited by the Examiner do not refute Appellants 9 
assertion that a change in mRNA levels leads to a corresponding change 
in the level of the encoded protein 
Appellants turn next to Examiner's second argument that that "the correlation between 
mRNA expression and protein expression is poor at best." Office Action at 10, 5-6, 12 and 13. 
For support, the Examiner cites three references, Haynes et al (Electrophoresis, (1998) 
19(1 1):1862-71), Chen et al (Mol. and Cell. Proteomics, (2002) 1:304-313) and Gygi et al (Mol. 
and Cell. Bio., (1999) 19(3): 1720-30). Based on these references, the Examiner concludes that 
"it is clear that one skilled in the art would not assume that a more highly expressed mRNA 
would directly correlate with increased polypeptide levels." Office Action at 4-5 (emphasis in 
original). For the reasons discussed below, none of these references are contrary to Appellants' 
assertion that generally speaking, changes in mRNA levels lead to corresponding changes in the 
level of polypeptide. 

Haynes studied whether there is a correlation between the level of mRNA expression and 
the level of protein expression for 80 selected genes from yeast. The genes were selected 
because they constituted a relatively homogeneous group with respect to predicted half-life and 
expression level of the protein products. See Haynes at 1863. Haynes did not examine whether 
a change in transcript level for a particular gene led to a change in the level of expression of the 
corresponding protein. Instead, Haynes determined whether the steady-state transcript level 
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correlated with the steady-state level of the corresponding protein based on an analysis of 80 
different genes. 

Haynes reported to have "found a general trend but no strong correlation between protein 
and transcript levels." The Examiner focuses on the portion of Haynes where the authors 
reported that for some of the studied genes with equivalent mRNA levels, there were differences 
in corresponding protein expression, including some that varied by more than 50-fold. Similarly, 
Haynes reports that different proteins with similar expression levels were maintained by 
transcript levels that varied by as much as 40-fold. Thus, Haynes showed that for one type of 
yeast, similar mRNA levels for different genes did not universally result in equivalent protein 
levels for the different gene products, and similar protein levels for different gene products did 
not universally result from equivalent mRNA levels for the different genes. These results are 
expected, since there are many factors that determine translation efficiency for a given transcript, 
or the half-life of the encoded protein. Not surprisingly, based on these results, Haynes 
concluded that protein levels cannot always be accurately predicted from the level of the 
corresponding mRNA transcript when looking at the level of transcripts across different genes . 

Importantly, Haynes did not say that for a single gene, changes in the level of mRNA 
transcript are not positively correlated with changes in the level of protein expression. 
Appellants have asserted that increasing or decreasing the level of mRNA for the same gene 
leads to an increase or decrease for the corresponding protein. Haynes did not study this issue 
and says absolutely nothing about it. One cannot look at the level of mRNA across several 
different genes to investigate whether a change in the level of mRNA a particular gene leads to a 
change in the level of protein for that gene. Therefore, Haynes is not inconsistent with or 
contradictory to the utility of the instant claims, and offers no support for the Examiner's 
rejection of Appellants' asserted utility. 

The Examiner also relies on Gygi et aL, a study on which the Haynes reference is based. 
Like Haynes, the Gygi reference looked at static levels of mRNA across different genes, not 
changes in mRNA levels for a single gene. Therefore, for the same reasons that Haynes is not 
relevant to Appellants' asserted utility, Gygi likewise offers no support for the Examiner's 
rejection of Appellants' asserted utility 
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Appellants turn next to the Chen et al reference, where the authors examined the 
relationship between mRNA levels and protein levels in 76 lung adenocarcinomas and nine non- 
tumor lung samples. 

As an initial matter, it is important to note that a portion of Chen is not relevant to 
Appellants 5 assertion that changes in the level of mRNA lead to changes in the level of the 
encoded polypeptide. In one experiment similar to that of Haynes, Chen examined the global 
relationship between mRNA and the corresponding protein abundance by calculating the average 
mRNA and protein level of all the samples for each gene or protein, and then looked for a 
correlation across different genes. Based on these data, Chen reported that "no significant 
correlation between mRNA and protein expression was found (r = -0.025) if the average levels of 
mRNA or protein among all samples were applied across the 165 protein spots (98 genes)." 
Chen at Abstract. This measurement of a correlation across different genes is not relevant to 
Appellants 5 asserted utility for the same reasons discussed above with respect to the Haynes et al 
and Gygi et al references. 

Chen also looked at the level of mRNA of 98 individual genes and their corresponding 
proteins across the samples. Chen reports that 17% (28 of 165) of the protein spots, or 21.4% 
(21 of 98) of the genes, showed a statistically significant correlation between protein and mRNA 
expression. Chen at Abstract. It is these results that the Examiner relies on for support. 

However, read in its entirety, Chen provides scant evidence to counter Appellants 5 
asserted utility because portions of Chen support Appellants 5 assertions, and the remaining 
portions provide little insight into the relationship between changes in mRNA levels and changes 
in the corresponding protein levels for mRNA that is differentially expressed in tumor cells 
relative to normal cells. 

Appellants have asserted that changes in mRNA levels, particularly those which are two- 
fold or greater, will correspond with measurable changes in polypeptide expression. The data in 
Chen support Appellants 5 assertion. In Figures 2A-2C, Chen plots mRNA value vs. protein 
value for three genes. In these figures, a wide range of mRNA expression levels were observed 
(approximately seven- to eight-fold), and a correlation between mRNA and protein levels was 
observed for all three mRNA/protein pairs. This supports Appellants 5 assertion that there is a 
correlation between changes in mRNA levels which are two-fold or greater and changes in 
polypeptide expression. 
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The Examiner relies on the fact that Chen also reports a lack of correlation for some 
mRNA/protein pairs to support his assertion that polypeptide levels cannot be accurately 
predicted from mRNA levels. However, as is explained below, the apparent lack of a correlation 
cannot be used as evidence that Appellants' assertion of a general correlation is wrong. 

To determine if there is a correlation between changes in mRNA and changes in protein 
levels, one would have to conduct experiments where a measurable change in mRNA for a 
particular gene is observed, and then examine if there was a corresponding change in the level of 
the corresponding protein. Stated differently, if there is no substantial change in mRNA levels 
for a particular gene, one cannot measure a correlation between changes in mRNA and changes 
in the encoded protein for that gene. Therefore, one must know if the individual genes studied 
by Chen were differentially expressed to know if the observed lack of correlation has any 
relevance to Appellants' assertions of a general correlation between changes in mRNA and 
protein. 

Importantly, unlike Appellants, Chen did not examine differences in mRNA between 
tumor and normal tissue where one would expect to find substantial changes in the level of 
mRNA for certain genes. Instead, Chen merely selected proteins whose identity could be 
determined regardless of any changes in expression level . Chen at 306, right column. Therefore, 
it is not known if there was any substantial difference in mRNA levels for the various studied 
genes across samples - in short, with the exception of the genes in Figures 2A-2C, it is not 
known if the genes examined were differentially expressed. Also of significance for Appellants' 
asserted utility is the fact that Chen did not attempt to examine any differential expression 
between the cancerous lung samples and the non-cancerous lung samples - Chen did not 
distinguish between cancer and normal samples in their analysis. Since almost all samples tested 
by Chen were from the same type of tissue, one would expect most genes examined by Chen to 
have similar mRNA or protein levels across the samples. In the absence of substantial 
differential expression, no correlation would be observed. Because it is not known if there was a 
change in the level of the genes studied by Chen, i.e. whether they were differentially expressed, 
the lack of an observed correlation cannot be used to counter Appellants' assertion. 

In sum, the only data reported by Chen which shows substantial changes in the 
expression of mRNA, Figures 2A-C, confirms Appellants' assertion that substantial changes in 
mRNA levels (e.g., 2-fold or greater) will correspond to substantial changes in polypeptide 

- 19- 



Appl. No. : 10/063,524 

Filed : May 2, 2002 



expression. Further, these data explain the lack of observed correlation between mRNA levels 
and protein levels for other genes reported by Chen - there is no indication the genes are 
differentially expressed. Thus, Chen's results do not refute Appellants' position. Instead, Chen 
supports Appellants' position that a significant correlation between changes in mRNA and 
protein levels exists for changes in mRNA levels that are 2-fold or greater. 

In further support of Appellants' position, Chen cites Celis et al (FEBS Lett., 480:2-16 
(2000)) stating that the authors "found a good correlation between transcript and protein levels 
among 40 well resolved, abundant proteins using a proteomic and microarray study of bladder 
cancer." Chen at 311, first column (emphasis added). As mentioned above, the lack of a 
correlation across genes is not relevant to Appellants' asserted utility, and therefore Chen's 
discussion of this issue and citation of Anderson and Seilhamer (Electrophoresis, 18:533-37 
(1997)) and Gygi et al (Mol. Cell. Bio., 19:1720-30 (1999)) offer no support for the Examiner's 
position. 

Given the fact that portions of Chen as well as the relevant references cited by Chen 
support Appellants' position, and the remainder of Chen cannot be relied on as contrary to the 
Appellants' position, the Examiner has failed to establish a prima facie case that one of skill in 
the art would doubt Appellants' asserted utility based on any lack of correlation between changes 
in mRNA level and changes in the corresponding protein level. 

c. Conclusion - Examiner has failed to establish a prima facie case that 
one of skill in the art would doubt Appellants 9 asserted utility 

The Examiner has relied on essentially two arguments in rejecting the pending claims for 
lack of utility. First, the Examiner has previously questioned the sufficiency, reliability and 
significance of the data reported in Example 18 as well as the supporting first Grimaldi 
declaration. The Examiner has argued that absent some known translocation or mutation of 
PRO 101 3, or some role for PRO1013 in cancer formation or development, the disclosure is 
insufficient. Second, the Examiner relies on Haynes et al, Gygi et al. and Chen et al to support 
the assertion that polypeptide levels cannot be accurately predicted from mRNA levels. 
Appellants have responded to each of these arguments in turn. 

First, Appellants have shown that the data in Example 18 are sufficient to show that 
PRO1013 is useful as a cancer diagnostic tool. This assertion is supported by the first Grimaldi 
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declaration. The Examiner has not provided any substantial reason or evidence for one of skill in 
the art to doubt the reliability or usefulness of Example 18, or the facts and conclusions in the 
first Grimaldi declaration, and has accepted the exact same data reported in Example 18 in a 
related application. 

Second, Appellants have shown the Haynes and Gygi references are simply not relevant 
to the issue of whether a change in mRNA levels leads to a corresponding change in the level of 
the encoded protein. Appellants have also shown that portions of Chen et al 9 as well as some of 
the references cited by Chen, actually support Appellants assertion that changes in mRNA levels 
generally correlate with changes in the level of the encoded polypeptide. The remainder of Chen 
is not reliable enough to offer any support for the Examiner's position. 

Taken together, the Examiner's arguments are not sufficient to satisfy the Examiner's 
burden to "provide [] evidence showing that one of ordinary skill in the art would reasonably 
doubt the asserted utility." In re Br ana, 51 F.3d 1560, 1566, 34 U.S.P.Q.2d 1436 (Fed. Cir. 
1995). The Examiner's arguments are largely conclusory statements which are not supported by 
any substantial evidence or reasoning which explains why one of ordinary skill in the art would 
reasonably doubt the asserted utility. Therefore, the Board should accept the Appellants' 
disclosure of utility. See Ex parte Rubin, 5 U.S.P.Q. 2d 1461 (Bd. Pat. App. & Interf. 1987) 
("There is no factual support in this record for the examiner's questioning of the denaturation test 
reported in the specification. ... No reason to doubt 'the objective truth' of the asserted utility 
having been advanced by the examiner, we accept appellant's disclosure of utility corresponding 
in scope to the claimed subject matter."). 

7. Appellants have provided Sufficient Rebuttal Evidence of Utility 
"Only after the PTO provides evidence showing that one of ordinary skill in the art would 
reasonably doubt the asserted utility does the burden shift to the applicant to provide rebuttal 
evidence." In re Brana, 51 F.3d 1560, 1566, 34 U.S.P.Q.2d 1436 (Fed. Cir. 1995). The rebuttal 
evidence must be sufficient such that when it is considered as a whole, it is more likely than not 
that the asserted utility is true. See In re Oetiker, 977 F.2d 1443, 1445, 24 U.S.P.Q.2d 1443, 
1444 (Fed. Cir. 1992) (stating that the evidentiary standard to be used throughout ex parte 
examination in setting forth a rejection is a preponderance of the evidence, or "more likely than 
not" standard). The M.P.E.P. summarizes the standard of proof required: 
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[T]he applicant does not have to provide evidence sufficient to establish that an 
asserted utility is true "beyond a reasonable doubt." Nor must the applicant 
provide evidence such that it establishes an asserted utility as a matter of 
statistical certainty. Instead, evidence will be sufficient if, considered as a whole, 
it leads a person of ordinary skill in the art to conclude that the asserted utility is 
• more likely than not true . M.P.E.P. § 2107.02, part VII (emphasis in original, 
citations omitted). 

Appellants remind the Board that the Federal Circuit has stated that the standard for satisfying 
the utility requirement is a low one: "The threshold of utility is not high: An invention is 'useful' 
under section 101 if it is capable of providing some identifiable benefit." Juicy Whip, Inc. v. 
Orange Bang, Inc., 185 F.3d 1364, 1366, 51 U.S.P.Q. 2d 1700 (Fed. Cir. 1999). 

Even if the Examiner has satisfied his burden of presenting a prima facie case of lack of 
utility, Appellants have supplied more than enough rebuttal evidence, such that when considered 
as a whole, one of skill in the art would conclude that the asserted utility is more likely than not 
true. As discussed in detail below, Appellants have provided sufficient evidence that the gene 
encoding the PRO1013 polypeptide is differentially expressed in stomach cancer and can 
therefore be used as a diagnostic tool. In addition, Appellants have shown that it is well 
established in the art that there is a reasonable correlation between changes in mRNA level and 
changes in the corresponding protein level such that one of skill in the art would believe that the 
PRO1013 polypeptide is also differentially expressed in certain cancers. Therefore, considering 
the evidence as a whole, one of skill in the art would believe that it is more likely than not that 
the claimed antibodies are useful as diagnostic tools for cancer, particularly stomach tumors. 

a. Appellants have established that the gene encoding the PRO1013 
polypeptide is differentially expressed in certain cancers 
As discussed above, the Examiner has not provided any relevant evidence or reasoning to 
challenge the reliability and significance of the data in Example 18 which reports that the mRNA 
for PRO 101 3 is more highly expressed in normal stomach tissue compared to stomach tumor. In 
contrast to this complete lack of evidence on the part of the Examiner, Appellants have submitted 
the first Grimaldi declaration. That declaration establishes that it is the opinion of an expert in 
the field who has personal knowledge of the facts surrounding Example 1 8 that there is at least a 
two-fold difference in mRNA for PRO 101 3 between the tumor tissue and the counterpart normal 
tissue, and that the PRO 1013 gene, polypeptide and antibodies are useful for differentiating 
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tumor tissue from normal tissue. The Examiner has not provided any relevant evidence or 
reasoning to challenge the facts and conclusions of the first Grimaldi declaration in support of 
Example 18. 

Given the disclosure of Example 18 and the supporting first Grimaldi declaration on the 
one hand, and the complete lack of any evidence on the other, it is clear that considering the 
evidence as a whole, one of skill in the art would conclude that it is more likely than not that the 
PRO1013 gene is differentially expressed in stomach tumor tissue compared to normal stomach 
tissue such that it is useful as a diagnostic tool to distinguish stomach tumor tissue from normal 
stomach tissue. In the closely related application Serial No. 10/063,676, directed to nucleic acids 
which encode the PRO 10 13 polypeptide, the Examiner agreed with Appellants, stating: 
"Applicants assertion that the differentially expressed message can be used as diagnostic tool for 
stomach tumors is found to be persuasive ." See Office Action dated 6/10/2005 at 2-3 (emphasis 
added). 

As Appellants explain below, it is more likely than not that the PRO1013 polypeptide is 
also differentially expressed in stomach tumor tissue, and can therefore be used to distinguish 
stomach tumor tissue from normal stomach tissue. This provides utility for the claimed 
antibodies to the PRO1013 polypeptide. 

b. Appellants have established that generally there is a correlation between 
changes in mRNA expression levels and changes in the expression level 
of the encoded protein 
Appellants next turn to the second portion of their argument in support of their asserted 
utility - that it is well-established in the art that in most cases a change in the level of mRNA for 
a particular protein leads to a corresponding change in the level of the encoded protein. Given 
Appellants' evidence of differential expression of the mRNA for the PRO1013 polypeptide in 
stomach tumor, it is more likely than not that the PRO1013 polypeptide is likewise differentially 
expressed, and therefore the claimed antibodies are useful as diagnostic tools, particularly for 
stomach tumor. 

In support of the assertion that changes in mRNA are positively correlated to changes in 
protein levels, Appellants submitted a second Declaration by J. Christopher Grimaldi, an expert 
in the field of cancer biology (originally submitted as Exhibit B with the Appellants' 
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Amendment and Response to Office Action mailed August 19, 2004). As stated in paragraph 5 
of the declaration, "Those who work in this field are well aware that in the vast majority of cases, 
when a gene is over-expressed... the gene product or polypeptide will also be over-expressed.... 
This same principal applies to gene under-expression." Second Grimaldi Declaration at If 5. 
Further, "increased mRNA expression is expected to result in increased polypeptide expression, 
and the detection of decreased mRNA expression is expected to result in decreased polypeptide 
expression." Id. 

Appellants also submitted the declaration of Paul Polakis, Ph.D. an expert in the field of 

cancer biology (attached as Exhibit C to Appellants' Amendment and Response to Office Action 

mailed August 19, 2004). As stated in paragraph 6 of his declaration: 

Based on my own experience accumulated in more than 20 years of research, 
including the data discussed in paragraphs 4 and 5 above [showing a positive 
correlation between mRNA levels and encoded protein levels in the vast majority 
of cases studied in relation to the present invention] and my knowledge of the 
relevant scientific literature, it is my considered scientific opinion that for human 
genes, an increased level of mRNA in a tumor cell relative to a normal cell 
typically correlates to a similar increase in abundance of the encoded protein in 
the tumor cell relative to the normal cell. In fact, it remains a central dogma in 
molecular biology that increased mRNA levels are predictive of corresponding 
increased levels of the encoded protein. Polakis Declaration at f 6 (emphasis 
added). 

Dr. Polakis acknowledges that there are published cases where such a correlation does not exist, 
but states that it is his opinion, based on over 20 years of scientific research, that "such reports 
are exceptions to the commonly understood general rule that increased mRNA levels are 
predictive of corresponding increased levels of the encoded protein." Polakis Declaration at ^ 6. 

The statements of Grimaldi and Polakis are supported by the teachings in Molecular 
Biology of the Cell, a leading textbook in the field (Bruce Alberts, et aL, Molecular Biology of 
the Cell (3 rd ed. 1994) (submitted with Appellants' Response to Final Office Action dated 
February 25, 2005 as Exhibit 1, hereinafter "Cell 3 rd ") and (4 th ed. 2002) (submitted with 
Appellants' Response to Final Office Action dated February 25, 2005 as Exhibit 2, hereinafter 
"Cell 4 th ")). Figure 9-2 of Cell 3 rd shows the steps at which eukaryotic gene expression can be 
controlled. The first step depicted is transcriptional control. Cell 3 rd provides that "[f]or most 
genes transcriptional controls are paramount. This makes sense because, of all the possible 
control points illustrated in Figure 9-2, only transcriptional control ensures that no superfluous 
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intermediates are synthesized." Cell 3 at 403 (emphasis added). In addition, the text states that 
"Although controls on the initiation of gene transcription are the predominant form of regulation 
for most genes , other controls can act later in the pathway from RNA to protein to modulate the 
amount of gene product that is made." Cell 3 rd at 453 (emphasis added). Thus, as established in 
Cell 3 rd , the predominant mechanism for regulating the amount of protein produced is by 
regulating transcription. 

In Cell 4 th , Figure 6-3 on page 302 illustrates the basic principle that there is a correlation 
between increased gene expression and increased protein expression. The accompanying text 
states that "a cell can change (or regulate) the expression of each of its genes according to the 

th 

needs of the moment - most obviously by controlling the production of its mRNA" Cell 4 at 
302 (emphasis added). Similarly, Figure 6-90 on page 364 of Cell 4 th illustrates the path from 
gene to protein. The accompanying text states that while potentially each step can be regulated 
by the cell, " the initiation of transcription is the most common point for a cell to regulate the 
expression of each of its genes ." Cell 4 th at 364 (emphasis added). This point is repeated on 
page 379, where the authors state that of all the possible points for regulating protein expression, 
" [f]or most genes transcriptional controls are paramount ." Cell 4 th at 379 (emphasis added). 

Further support for Appellants' position can be found in the textbook, Genes VI, 
(Benjamin Lewin, Genes VI (1997)) (submitted with Appellants' Response to Final Office 
Action dated February 25, 2005 as Exhibit 3) which states "having acknowledged that control of 
gene expression can occur at multiple stages, and that production of RNA cannot inevitably be 
equated with production of protein, it is clear that the overwhelming majority of regulatory 
events occur at the initiation of transcription ." Genes VI at 847-848 (emphasis added). 

Additional support is also found in Zhigang et ai, World Journal of Surgical Oncology 
2:13, 2004 (submitted with Appellants' Response to Final Office Action dated February 25, 2005 
as Exhibit 4). Zhigang studied the expression of prostate stem cell antigen (PSCA) protein and 
mRNA to validate it as a potential molecular target for diagnosis and treatment of human 
prostate cancer. The data showed "a high degree of correlation between PSCA protein and 
mRNA expression" Zhigang at 4. Of the samples tested, 81 out of 87 showed a high degree of 
correlation between mRNA expression and protein expression. The authors conclude that "it is 
demonstrated that PSCA protein and mRNA overexpressed in human prostate cancer, and that 
the increased protein level of PSCA was resulted from the upregulated transcription of its 
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mRNA." Id at 6. Even though the correlation between mRNA expression and protein 
expression occurred in 93% of the samples tested, not 100%, the authors state that "PSCA may 
be a promising molecular marker for the clinical prognosis of human Pea and a valuable target 
for diagnosis and therapy of this tumor." Id. at 7. 

Further, Meric et al, Molecular Cancer Therapeutics, vol. 1, 971-979 (2002), (submitted 
with Appellants' Response to Final Office Action dated February 25, 2005 as Exhibit 5), states 
the following: 

The fundamental principle of molecular therapeutics in cancer is to exploit the 
differences in gene expression between cancer cells and normal cells... [M]ost 
efforts have concentrated on identifying differences in gene expression at the 
level of mRNA, which can be attributable to either DNA amplification or to 
differences in transcription. Meric et al at 971 (emphasis added). 

Exploiting differences in gene expression between cancer cells and normal cells would not be a 
"fundamental principle" of molecular cancer therapeutics if there were no significant correlation 
between gene expression and protein levels. Stated another way, changes in mRNA without 
corresponding changes in protein levels would have little or no effect on cellular biology, and 
those of skill in the art would have no reason to examine the differences in gene expression at the 
mRNA level without such a correlation. However, as one of skill in the art recognizes, there is a 
strong correlation between changes in mRNA and changes in protein level. It is because of this 
strong correlation that it remains a "fundamental principle" of molecular therapeutics in cancer 
to look at changes in mRNA level. 

Together, the declarations of Grimaldi and Polakis, the accompanying references, and the 
excerpts and references discussed above all establish that the accepted understanding in the art is 
that there is a reasonable correlation between changes in gene expression and changes in the 
level of the encoded protein. In contrast to this substantial amount of evidence supporting 
Appellants' position, the Examiner has cited three references, Haynes et al, Gygi et al and Chen 
et al However, as discussed above, Haynes and Gygi are not relevant to the issue of whether a 
change in mRNA levels leads to a change in the level of the corresponding protein since they 
examined only static levels of mRNA across different genes. Likewise, portions of Chen and the 
relevant references cited by Chen actually support Appellants' position, and the remainder of 
Chen is inconclusive. It is clear that when considered as a whole, the preponderance of the 
evidence clearly weighs in favor of Appellants. 
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Appellants have presented sufficient evidence to establish that the mRNA for PRO 101 3 
is differentially expressed in stomach tumors compared to their normal tissue counterparts, and 
that it is more likely than not that this leads to differential expression of the PRO1013 
polypeptide. This makes the claimed antibodies to PRO1013 polypeptide useful for diagnosing 
cancer, particularly stomach tumors. Given the overwhelming amount of evidence in support of 
Appellants' position, and the near absence of any evidence in support of the Examiner's position, 
when considered as a whole the evidence leads a person of ordinary skill in the art to conclude 
that the asserted utility is more likely than not true. 

c. The asserted utility is specific 

Finally, Appellants address the PTO's assertion that the asserted utilities are not specific 
to the claimed antibodies related to PRO1013. 

Specific utility is defined as utility which is "specific to the subject matter claimed," in 
contrast to "a general utility that would be applicable to the broad class of the invention." 
M.P.KP. § 2107.01 I. Appellants submit that the evidence of differential expression of the 
PRO1013 gene and polypeptide in certain types of tumor cells, along with the declarations and 
references discussed above, provide a specific utility for the claimed antibodies. 

As discussed above, there are significant data which show that the gene for the PRO 101 3 
polypeptide is expressed at least two-fold higher in normal stomach tissue compared to stomach 
tumor tissue. These data are strong evidence that the PRO1013 gene and polypeptide are 
associated with stomach tumors. Thus, contrary to the assertions of the Examiner, Appellants 
have provided evidence associating the PRO 101 3 gene and polypeptide with a specific disease. 
The asserted utility for antibodies to the PRO1013 polypeptide as a diagnostic tool for cancer, 
particularly stomach tumor, is a specific utility - it is not a general utility that would apply to the 
broad class of antibodies. 

8, The Examiner's Response to Appellants 9 Evidence is Insufficient to Rebut 

Appellants 9 Arguments 
The Examiner has stated that the Grimaldi and Polakis declarations are "insufficient to 
overcome the rejection of claims 1-5" based on 35 U.S.C. §§ 101 and 1 12. Office Action at 8. In 



-27- 



Appl. No. 10/063,524 
Filed : May 2, 2002 



addition, the Examiner has summarily dismissed Appellants' supporting references. Office 
Action at 12-13. 

a. The Examiner's response to the First Grimaldi Declaration 

The Examiner has rejected the first Grimaldi Declaration stating that "there is no 
description in the specification to [sic] that would indicate a correlation with higher or lower 
expression levels of the message to PRO 101 3 polypeptide." Office Action at 8. 

The Examiner's statement has nothing to do with the accuracy of the conclusions 
expressed in the first Grimaldi Declaration, and does not provide a basis for rejecting Mr. 
Grimaldi' s conclusions. In addition, Appellants have provided numerous references and the 
declaration of an additional expert which indicates that it is well established that generally, there 
is a correlation between changes in mRNA level and changes in the level of the corresponding 
protein. 

Appellants submit that the declaration of Mr. Grimaldi is based on personal knowledge of 
the relevant facts at issue. Mr. Grimaldi is an expert in the field and conducted or supervised the 
experiments at issue. Appellants have reminded the Examiner that "[o]ffice personnel must 
accept an opinion from a qualified expert that is based upon relevant facts whose accuracy is not 
being questioned." PTO Utility Examination Guidelines (2001) (emphasis added). In addition, 
declarations relating to issues of fact should not be summarily dismissed as "opinions" without 
an adequate explanation of how the declaration fails to rebut the Examiner's position. In re 
Alton 76 F.3d 1168 (Fed. Cir. 1996). 

Applicants submit that they have provided sufficient evidence to establish that one of 
ordinary skill in the art would accept that there is a correlation between mRNA expression and 
protein expression. Furthermore, the Examiner has not supplied any reasons or evidence to 
question the accuracy of the facts upon which Mr. Grimaldi based his opinions in the Declaration. 
Mr. Grimaldi has personal knowledge of the relevant facts, has based his opinion on those facts, 
and the Examiner has offered no reason or evidence to reject either the underlying facts or his 
opinion. Therefore, the Examiner and Board should accept Mr. Grimaldi 's opinion with regard 
to his statement that "any visually detectable difference seen between two samples is indicative 
of at least a two-fold difference in cDNA between the tumor tissue and the counterpart normal 
tissue" and that the nucleic acids of interest "can be used to differentiate tumor from normal." 
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Together, these statements establish that there is at least a two-fold difference in expression, and 
that the results are reliable enough that they can be used to distinguish tumor from normal tissue. 

Finally, as noted above, the Examiner has subsequently acknowledged the utility of 
nucleic acids which encode PRO1013 in a related case (Application No. 10/063,676) based on 
the exact same data and First Grimaldi Declaration, stating that "Applicants assertion that the 
differentially expressed message can be used as diagnostic tool for stomach tumors is found to be 
persuasive ." See Office Action dated 6/10/2005 at 2-3 (emphasis added). 

b. The Examiner's response to the Second Grimaldi Declaration 

In response to the second Grimaldi Declaration, the Examiner focuses on paragraph 4 of 
the declaration where it states that for chromosomal aberrations which result in aberrant 
expression of a mRNA and corresponding protein, "the gene product is a promising target for 
cancer therapy , for example, by the therapeutic antibody approach." Office Action at 9 
(emphasis added). The Examiner rejects this argument, stating that it was not persuasive because 
unlike the genes discussed in the references cited in the declaration, "[t]he PRO1013 gene, ... has 
not. been associated with tumor formation or the development of cancer, nor has it been shown to 
be predictive of such. Similarly, ... no translocation of PRO1013 is known to occur. ... No 
mutation or translocation of PRO1013 has been associated with for example, stomach tumor." 
Office Action at 9-10 (emphasis in original). The Examiner concluded that "in the absence of 
any of the above information" the disclosure was insufficient to satisfy the requirements of § 101. 
Id at 10. 

The Examiner's arguments fail to establish that one of skill in the art would doubt 
Appellants' asserted utility. Once again, the Examiner has failed to establish how the "absence 
of any of the above information" is relevant to the asserted utility by supplying evidence or 
reasoning to support his assertion. See In re Brana, 51 F.3d 1560, 1566, 34 U.S.P.Q.2d 1436 
(Fed. Cir. 1995) ("Only after the PTO provides evidence showing that one of ordinary skill in the 
art would reasonably doubt the asserted utility does the burden shift to the applicant to provide 
rebuttal evidence.") (emphasis added). 

The lack of a known role for PRO1013 in tumor formation or the development of cancer 
does not prevent its use as a diagnostic tool for cancer. Likewise, the fact that there is no known 
translocation or mutation of PRO 101 3 is irrelevant to whether its differential expression can be 
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used to assist in diagnosis of cancer - one does not need to know why PRO1013 is differentially 
expressed, or what the consequence of the differential expression is, in order to exploit the 
differential expression to distinguish tumor from normal tissue. 

The Revised Interim Utility Guidelines promulgated by the PTO recognize that proteins 
which are differentially expressed in cancer have utility. In the caveat to Example 12, the 
Guidelines state that the utility requirement is satisfied for a protein that is expressed on 
melanoma cells but not on normal skin, and that antibodies against the protein can be used to 
diagnose cancer. The specification in Example 12 teaches nothing about the role of the 
hypothetical protein in cancer formation or development. In addition, while Appellants 
appreciate that actions taken in other applications are not binding on the PTO with respect to the 
present application, Appellants note that the PTO has issued several patents claiming 
differentially expressed polypeptides and antibodies to the same, or methods employing such 
antibodies. See, e.g., U.S. Patent No. 6,414,117 and U.S. Patent No. 6,124,433, submitted as 
Exhibits 4-5 to Appellants' Response to Final Office Action dated August 19, 2005, and U.S. 
Patent No. 6,156,500, and U.S. Patent No. 6,562,343 (submitted as Exhibits 8-9 to Appellants' 
Submission Filed with Request for Continued Examination dated March 28, 2005). 

In addition, Appellants note that they did not even rely on the portion of the second 
Grimaldi declaration cited by the Examiner which discusses targets for cancer therapy . Instead, 
Appellants submitted the second Grimaldi declaration in support of the assertion that changes in 
mRNA are positively correlated to changes in protein levels. Appellants relied on paragraph 5 of 
the declaration which states: "Those who work in this field are well aware that in the vast 
majority of cases, when a gene is over-expressed... the gene product or polypeptide will also be 
over-expressed.... This same principal applies to gene under-expression." Amendment and 
Response to Final Office Action dated August 19, 2005 at 9, quoting Second Grimaldi 
Declaration at U 5. As support for this statement, Mr. Grimaldi noted that "[techniques used to 
detect mRNA, such as Northern Blotting, Differential Display, in situ hybridization, quantitative 
PCR, Taqman, and more recently Microarray technology all rely on the dogma that a change in 
mRNA will represent a similar change in protein. If this dogma did not hold true then these 
techniques would have little value and not be so widely used." Second Grimaldi Declaration at 
| 5. Whether the differential expression of mRNA is due to mutations or translocations has no 
bearing on the portion of the Grimaldi reference relied on by Appellants. 
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In conclusion, the Examiner has not provided any relevant evidence or reasoning to reject 
the second Grimaldi Declaration, particularly <([ 5 on which Appellants rely. Appellants reiterate 
that "Office personnel must accept an opinion from a qualified expert that is based upon relevant 
facts whose accuracy is not being questioned." PTO Utility Examination Guidelines (2001) 
(emphasis added). 



c. The Examiner's response to the Polakis Declaration 

In response to the Polakis Declaration, the Examiner makes two arguments. First, the 
Examiner states: 

The specification describes only mRNA expression data. The argument presented 
evinces that instant specification provides a mere invitation to experiment, and not 
readily available utility. Furthermore, as indicated above the literature cautions 
researchers against drawing conclusions based on small changes in transcript 
expression levels between normal and cancerous tissue (see Hu et al discussions 
above). It is also not known whether PR01013 polypeptide is expressed in normal 
stomach tissue. There is no nexus between the mRNA expression and PR01013 
polypeptide. In the absence of any of the above information, all that the 
specification does is present evidence that the mRNA encoding PRO 101 3 is 
present at higher levels in normal stomach compared to stomach tumor tissue 
counterparts, and invite the artisan to determine the rest of the story. This is 
further borne out by Grimaldi assertion that "additional studies can then be 
conducted if further information is desired" (Appendix A, paragraph 7). Such is 
insufficient to meet the requirements of 35 U.S.C. § 101 utility for the claimed 
protein. Final Office Action at 10-11. 

This argument is not responsive to the Polakis Declaration, particularly the passage in 

paragraph 6 which states that changes in mRNA level lead to changes in protein level: 

Based on my own experience accumulated in more than 20 years of research, 
including the data discussed in paragraphs 4 and 5 above and my knowledge of 
the relevant scientific literature, it is my considered scientific opinion that for 
human genes, an increased level of mRNA in a tumor cell relative to a normal cell 
typically correlates to a similar increase in abundance of the encoded protein in 
the tumor cell relative to the normal cell . In fact, it remains a central dogma in 
molecular biology that increased mRNA levels are predictive of corresponding 
increased levels of the encoded proteia Polakis Declaration at \ 6 (emphasis 
added). 

Paragraphs 4 and 5 of the Polakis Declaration disclose that in the course of his research 
which is closely related to the instant invention, Dr. Polakis has identified approximately 200 



-31 - 



Appl. No. : 10/063,524 

Filed : May 2, 2002 



gene transcripts that are differentially expressed in human tumors. He has generated antibodies 

to about 30 of the protein products. In paragraph 5, he states that: 

[T]here is a strong correlation between changes in the level of mRNA present in 
any particular cell type and the level of protein expressed from that mRNA in that 
cell type. In approximately 80% of our observations we have found that increases 
in the level of a particular mRNA correlates with changes in the level of protein 
expressed from that mRNA when human tumor cells are compared with their 
corresponding normal cells. Polakis Declaration at \ 5. 

Clearly, paragraphs 4 and 5 provide significant evidentiary support for his conclusions in 
paragraph 6. As to his statement that it is a central dogma of molecular biology that increases in 
mRNA lead to increases in protein, this statement is also supported by the data in paragraphs 4 
and 5, as well as Dr. Polakis' expertise and more than 20 years of research in the field. 

Appellants remind the Board that "Office personnel must accept an opinion from a 
qualified expert that is based upon relevant facts whose accuracy is not being questioned." PTO 
Utility Examination Guidelines (2001) (emphasis added). In addition, declarations relating to 
issues of fact should not be summarily dismissed as "opinions" without an adequate explanation 
of how the declaration fails to rebut the Examiner's position. In re Alton 76 F.3d 1 168 (Fed. Cir. 
1996). As the Examiner has not provided any reason or evidence to challenge the factual basis 
for Dr. Polakis' opinion, it must be accepted as true. 

As Appellants have already addressed the Hu reference above, Appellants next address 
the Examiner's statement that "[t]here is no nexus between the mRNA expression and PRO 101 3 
polypeptide...." Final Office Action at 10. 

There is an obvious nexus between PRO1013 mRNA expression and the PRO 101 3 
polypeptide. As described in numerous references and declarations above, regulation of mRNA 
is the primary method for controlling the expression of a gene, and there is a general correlation 
between changes in mRNA levels and changes in protein levels. Because PRO1013 mRNA 
encodes the PRO 101 3 polypeptide, changes in PRO1013 mRNA levels lead to changes in 
PRO 101 3 polypeptide levels - the nexus between mRNA and the encoded protein is well- 
established. 

Appellants also address the Examiner's statement that further research is required for the 
invention, and that this requirement "is borne out by Grimaldi assertion that 'additional studies 
can then be conducted if further information is desired.'" Final Office Action at 10-11. 
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The Examiner's reliance on the quote from the first Grimaldi declaration is clearly 

misplaced when read in context: 

7. The results of the gene expression studies indicate that the genes of 
interest can be used to differentiate tumor from normal. The precise levels of 
gene expression are irrelevant; what matters is that there is a relative difference in 
expression between normal tissue and tumor tissue. . . .If a difference is detected, 
this indicates that the gene and its corresponding polypeptide and antibodies 
against the polypeptide are useful for diagnostic purposes, to screen samples 
to differentiate between normal and tumor. Additional studies can then be 
conducted if further information is desired . First Grimaldi Declaration at f 7 
(emphasis added). 

It is obvious that Mr. Grimaldi was stating that it is his expert opinion that the 
information provided in Example 18 is sufficient to use the gene, protein and antibody as 
diagnostic tools, and that no further testing or information is required. However, if additional 
information is desired, such as the role of the gene or protein in cancer formation or growth, 
additional studies can be conducted. It is disingenuous of the Examiner to take this quote out of 
context to suggest that Mr. Grimaldi is stating that further research is required to use the claimed 
invention when the remainder of his declaration clearly states otherwise. 

The Examiner's second response to the statement in the Polakis Declaration that there is a 
correlation between changes in the level of mRNA and changes in the level of the encoded 
protein is: 

[I]t is important to note that the instant specification provides no information 
regarding protein levels. Only mRNA expression data was [sic] presented. 
Therefore the declaration is insufficient to overcome the rejection of claims 1-5 
based upon 35 U.S.C. § 101 and 112, first paragraph, since it is limited to a 
discussion of data regarding the correlation of mRNA levels and polypeptide 
levels. Final Office Action at 1 1 . 

The Polakis Declaration presents the opinion of an expert based on data, the scientific 
literature and more than 20 years of research experience that "an increased level of mRNA in a 
tumor cell relative to a normal cell typically correlates to a similar increase in abundance of the 
encoded protein in the tumor cell relative to the normal cell" and that "it remains a central dogma 
in molecular biology that increased mRNA levels are predictive of corresponding increased 
levels of the encoded protein" Polakis Declaration at If 6. As the Examiner has acknowledged, 
the data in Example 18 are differential mRNA data regarding the level of PRO1013 mRNA in 
tumor samples compared to normal tissue samples. Therefore, Dr. Polakis' statement regarding 
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a correlation between mRNA levels and protein levels is very probative, and demonstrates that 
one of skill in the art would believe that PRO 101 3 polypeptide is differentially expressed in 
stomach tumors. The Examiner's arguments are simply not responsive to Dr. Polakis' 
declaration, as they provide no basis to reject his conclusions. 

d. The Examiner's response to Appellants' Supporting References 
Appellants have submitted several references which support their conclusion that one of 
skill in the art would believe that it is more likely than not that differential expression of the 
PRO 101 3 mRNA in stomach tumors will lead to differential expression of the PRO1013 
polypeptide. The Examiner acknowledges the submission of two Alberts references, as well as 
the Lewin, Zhigang, and Meric references. See Office Action at 12-13. However, the Examiner 
only responds to the Meric reference, essentially ignoring the remaining references. The 
Examiner states that "[f]urther reading of Meric et al casts doubts on Applicants claim that there 
is a direct correlation between increased mRNA levels and the level of expression of the encoded 
protein. For example, the reference discusses that variations in mRNA sequences increase or 
decrease translational efficiency as found in BRCA1 (see pages 973-974)." Office Action at 13. 

This argument is not responsive to Appellants' argument that Meric teaches that "[t]he 
fundamental principal of molecular therapeutics in cancer is to exploit the differences in gene 
expression between cancer and normal cells." Meric at 971. Meric does teach that mutations of 
genes as well as alternate splicing and alternate transcription start sites can lead to altered 
translation efficiency in certain cancer cells. Id. at 973-974. As support, Meric cites three 
examples of point mutations, and four examples of alternate splicing. Id at 974. However, the 
Examiner has not shown, and there is no evidence, that the PRO1013 mRNA is either mutated, 
alternately spliced, or has an alternate transcription start site. Nor has the Examiner established 
that point mutations or alternate splice variants leading to changes in translation efficiency are 
common in cancer, or common in stomach tumor in particular. These few examples are not 
sufficient to provide evidence that one skilled in the art would reasonably doubt Appellants' 
asserted utility, or reject the teaching of Appellants' supporting references and declarations. 

As the supporting references and declarations Appellants have discussed above make 
clear, regulation of mRNA levels is the predominant control mechanism for the majority of 
genes. Meric supports this assertion because "[t]he fundamental principle of molecular 
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therapeutics in cancer is to exploit the differences in gene expression between cancer cells and 
normal cells." Meric et al. at 971 (emphasis added). The only reason mRNA is of any interest in 
studying the mechanism of cancer formation and growth is because mRNA encodes protein. If 
there were no general correlation between differences in mRNA and differences in protein, there 
would be no reason to study changes in mRNA. 

In conclusion, Appellants have offered sufficient evidence to establish that it is more 
likely than not that one of skill in the art would believe that because the PRO1013 mRNA is 
more highly expressed in normal stomach tissue compared to stomach tumor tissue, the 
PRO 1013 polypeptide will also be more highly expressed in normal stomach tissue than in 
stomach tumor tissue. This differential expression of the PRO1013 polypeptide makes the 
claimed antibodies useful as diagnostic tools for cancer. In short, none of the Examiner's 
responses to Appellants' supporting evidence are sufficient to rebut Appellants' asserted utility. 

9. The Courts have held that the Utility Requirement was Satisfied in Similar 
Cases 

The seminal decision interpreting the utility requirement of 35 U.S.C. § 101 is Brenner v. 
Manson, 383 U.S. 519, 148 U.S.P.Q. 689 (1966). At issue in Brenner was a claim to "a 
chemical process which yields an already known product whose utility - other than as a possible 
object of scientific inquiry - ha[d] not yet been evidenced." Id. at 529, 148 U.S.P.Q. at 693. The 
Patent Office rejected the claimed process for lack of utility because the product produced by the 
claimed process had no known use. See id. at 521-22, 148 U.S.P.Q. at 690. On appeal, the Court 
of Customs and Patent Appeals reversed, holding "where a claimed process produces a known 
product it is not necessary to show utility for the product." Id. at 522, 148 U.S.P.Q. at 691. 

In reviewing the lower court's decision, the Court made its oft quoted statement that 
"[t]he basic quid pro quo contemplated by the Constitution and the Congress for granting a 
patent monopoly is the benefit derived by the public from an invention with substantial utility. 
Unless and until a process is refined and developed to this point - where specific benefit exists in 
currently available form - there is insufficient justification for permitting an Appellant to engross 
what may prove to be a broad field." Id. at 534-35, 148 U.S.P.Q. at 695. 

The first opinion of the C.C.P.A. applying Brenner was In re Kirk, 376 F.2d 936, 153 
U.S.P.Q. 48 (C.C.P.A. 1967). The invention claimed in Kirk was a set of steroid derivatives said 

-35- 



Appl. No. : 10/063,524 

Filed : May 2, 2002 



to have valuable biological properties and to be of value "in the furtherance of steroidal research 
and in the application of steroidal materials to veterinary or medical practice." Id at 938, 153' 
U.S.P.Q. at 50. In affirming the claim rejection based on a lack of utility, the court held that the 
"nebulous expressions 'biological activity 5 or 'biological properties" 5 did not adequately convey 
how to use the claimed compounds." Id. at 941, 153 U.S.P.Q. at 52. The court also rejected 
Appellants' supporting affidavit, stating, "the sum and substance of the affidavit appears to be 
that one of ordinary skill in the art would know 'how to use 5 the compounds to find out in the 
first instance whether the compounds are - or are not - in fact useftil or possess useful properties, 
and to ascertain what those properties are. 55 Id at 942, 153 U.S.P.Q. at 53. 

Since these early decisions, the courts have continued to clarify what is sufficient to 
satisfy the utility requirement. Three more recent decisions are of particular relevance to the 
instant application: Nelson v. Bowler, 626 F.2d 853, 206 U.S.P.Q. 881 (C.C.P.A. 1980), Cross v. 
Iizuka, 753 F.2d 1040, 224 U.S.P.Q. 739 (Fed. Cir. 1985), and Fujikawa v. Wattanasin, 93 F.3d 
1559, 39 U.S.P.Q. 2d 1895 (Fed. Cir. 1996). 

The earliest of these cases, Nelson v. Bowler, involved an interference between two 
applications related to derivatives of naturally occurring prostaglandins (PG). Nelson, 626 F.2d 
at 854-55. The issue was whether Nelson had shown at least one utility for the compounds at 
issue to establish an actual reduction to practice. Id at 855. The Appellants relied on two tests 
to prove practical utility: an in vivo rat blood pressure (BP) test and an in vitro gerbil colon 
smooth muscle stimulation (GC-SMS) test. In the BP test, the blood pressure of anesthetized 
rats was recorded on a polygraph chart to determine whether an injected compound had any 
effect. Responses were categorized as either a depressor (lowering) effect or a pressor 
(elevating) effect. Id In the GC-SMS test a section of colon was excised from a freshly-killed 
gerbil for suspension in a physiological solution, and a lever arm was connected to the colon in 
such a way that any contraction was recorded as a polygraph trace. Id The Board held that 
Nelson had not shown adequate proof of practical utility, characterizing the tests as "rough 
screens, uncorrelated with actual utility. 55 Id at 856. 

On appeal the C.C.P.A. reversed, holding that the Board "erred in not recognizing that 
tests evidencing pharmacological activity may manifest a practical utility even though they may 
not establish a specific therapeutic use. 55 Id The Court stated that "practical utility 55 was 
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characterized as a use of the claimed discovery in a manner which provides some immediate 

benefit to the public, establishing the following rule: 

Knowledge of the pharmacological activity of any compound is obviously 
beneficial to the public. It is inherently faster and easier to combat illnesses and 
alleviate symptoms when the medical profession is armed with an arsenal of 
chemicals having known pharmacological activities. Since it is crucial to provide 
researchers with an incentive to disclose pharmacological activities in as many 
compounds as possible, we conclude that adequate proof of any such activity 
constitutes a showing of practical utility. Id. (emphasis added). 

The Court rejected Bowler's argument that the BP and GC-SMS tests are inconclusive 
showings of pharmacological activity since confirmation by statistically significant means did 
not occur until after the critical date. The Court stated that "a rigorous correlation is not 
necessary where the test for pharmacological activity is reasonably indicative of the desired 
response." Id. (emphasis added). The Court concluded that a " reasonable correlation " between 
the observed properties and the suggested use was sufficient to establish practical utility. Id. at 
857. 

The sufficiency of a "reasonable correlation" in establishing utility was affirmed by the 
Court of Appeals for the Federal Circuit in Cross v. Iizuka, 753 F.2d 1040, 224 U.S.P.Q. 739 
(Fed. Cir. 1985). In Cross, the subject of the interference before the Court was imidazole 
derivative compounds which inhibit the synthesis of thromboxane synthetase, an enzyme which 
leads to the formation of thromboxane A2. At the time the applications were filed, 
thromboxane A2 was postulated to be involved in platelet aggregation, which was associated 
with several deleterious conditions. Id. at 1042. 

The question before the Board and reviewed by the Court was whether Iizuka was 
entitled to the benefit of his Japanese priority application. Id. The Japanese application 
disclosed that the imidazole derivatives showed strong inhibitory action for thromboxane 
synthetase from human or bovine platelet microsomes, an in vitro utility. Id. at 1043. Relying in 
part on Nelson, the Board held that tests evidencing pharmacological activity may manifest a 
practical utility even though they may not establish a specific therapeutic use, and concluded that 
the in vitro tests were sufficient to establish a practical utility. Id. 

On appeal, Cross argued that the basic in vitro tests conducted in cellular fractions did not 
establish a practical utility for the claimed compounds, and that more sophisticated in vitro or in 
vivo tests were necessary to establish a practical utility. Id at 1050. The Court rejected this 
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argument, noting that adequate proof of any pharmaceutical activity constitutes a showing of 
practical utility. Id. The Court accepted the argument that initial testing of compounds is widely 
done in vitro: 

[I\n vitro results... are generally predictive of in vivo test results, i.e., there is a 
reasonable correlation therebetween. Were this not so, the testing procedures of 
the pharmaceutical industry would not be as they are. Iizuka has not urged, and 
rightly so, that there is an invariable exact correlation between in vitro test results 
and in vivo test results. Rather, Iizuka' s position is that successful in vitro testing 
for a particular pharmacological activity establishes a significant probability that 
in vivo testing for this particular pharmacological activity will be successful. Id. 
(emphasis added). 

The Court also noted that in previous decisions, its predecessor court had accepted 

evidence of in vivo utility as sufficient to establish practical utility. The Court reasoned that: 

This in vivo testing is but an intermediate link in a screening chain which may 
eventually lead to the use of the drug as a therapeutic agent in humans. We 
perceive no insurmountable difficulty, under appropriate circumstances, in finding 
that the first link in the screening chain, in vitro testing, may establish a practical 
utility for the compound in question. Successful in vitro testing will marshal 
resources and direct the expenditure of effort to further in vivo testing of the most 
potent compounds, thereby providing an immediate benefit to the public, 
analogous to the benefit provided by the showing of an in vivo utility . Id. at 1051, 
citing Nelson, 626 F.2d at 856 (emphasis added). 

Based on this reasoning, the Court affirmed the decision of the Board, stating that "based 
upon the relevant evidence as a whole, there is a reasonable correlation between the disclosed in 
vitro utility and an in vivo activity, and therefore a rigorous correlation is not necessary where 
the disclosure of pharmacological activity is reasonable based upon the probative evidence." Id. 
at 1050 (emphasis added). The Court therefore held that the disclosed in vitro utility was 
"sufficient to comply with the practical utility requirement of § 101." Id at 1051. 

The holdings of Nelson and Cross were more recently affirmed in Fujikawa v. 
Wattanasin, 93 F.3d 1559, 39 U.S.P.Q.2d 1895 (Fed. Cir. 1996). In Fujikawa, the Court again 
affirmed the notion that initial screens of compounds provide a practical utility even though they 
may not provide a therapeutic use because "'[i]t is inherently faster and easier to combat 
illnesses and alleviate symptoms when the medical profession is armed with an arsenal of 
chemicals having known pharmacological activities.'" Id. at 1564, quoting Nelson, 626 F.2d at 
856. The Court noted that it may be difficult to predict whether novel compounds will exhibit 
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pharmacological activity, and consequently testing is often required to establish practical utility. 

Id. However the Court went on to state: 

But the test results need not absolutely prove that the compound is 
pharmacologically active. All that is required is that the tests be "reasonably 
indicative of the desired [pharmacological] response." In other words, there must 
be a sufficient correlation between the tests and an asserted pharmacological 
activity so as to convince those skilled in the art, to a reasonable probability, that 
the novel compound will exhibit the asserted pharmacological behavior." Id 
(internal citations omitted, underline emphasis added, italics in original). 

On appeal, Fujikawa argued that Wattanasin had failed to establish an adequate 
correlation between the in vitro and in vivo results to permit Wattanasin to rely on positive in 
vitro results to establish a practical utility. The Court stated that the Board relied on testimony 
from those skilled in the art that the in vitro results convinced the experts that the claimed 
compounds would exhibit the desired pharmacological activity when administered in vivo, 
including testimony that in vivo activity is typically highly correctable to a compound's in vitro 
activity in the field. Id at 1565. To overcome this evidence and counter the Board's decision, 
Fujikawa pointed to the testimony of its expert that "there is a reasonable element of doubt that 
some elements may be encountered which are active in the in vitro assay, but yet inactive in the 
in vivo assay." Id. 

The Court rejected this argument: "Of course, it is possible that some compounds active 
in vitro may not be active in vivo. But, as our predecessor court in Nelson explained, a 'rigorous 
correlation' need not be shown in order to establish practical utility: 'reasonable correlation' 
suffices ." Id (emphasis added). The Court also rejected Fujikawa's reliance on two articles. 
The Court noted that while one article taught that "in vitro testing is sometimes not a good 
indicator of how potent a compound will be in vivo, it does imply that compounds which are 
active in vitro will normally exhibit some in vivo activity." Id. at 1566. Similarly, the Court 
noted that the second article expressly stated that "[f]or most substances, although not for all, the 
relative potency determined in in vitro . . . parallels the in vivo activity." Id 

The Court concluded that the facts in the case were analogous to the ones in Cross where 
the court relied on a known reasonable correlation between in vitro tests and in vivo activity, and 
therefore affirmed the Board's decision that Wattanasin had established a practical utility with 
the in vitro results. Id at 1565-66. 
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The Nelson, Cross, and Fujikawa cases are very similar to the present case. The 
reasoning of the courts in all three cases that " ; [i]t is inherently faster and easier to combat 
illnesses and alleviate symptoms when the medical profession is armed with an arsenal of 
chemicals having known pharmacological activities'" applies to the asserted utility for the 
claimed antibodies. Fujikawa, 93 F.3d at 1564, quoting Nelson, 626 F.2d at 856; see also Cross, 
753 F.2d at 1051 ("Successful in vitro testing will marshal resources and direct the expenditure 
of effort to further in vivo testing of the most potent compounds, thereby providing an immediate 
benefit to the public, analogous to the benefit provided by the showing of an in vivo utility."). 
Like pharmaceutical compounds, nucleic acids, polypeptides, and antibodies which are 
associated with cancer will make it inherently faster and easier to combat cancer. The greater the 
number of biological markers of cancer medical professionals have access to, the more accurate 
and detailed a diagnosis they can make. The determination that a gene is differentially expressed 
in cancer constitutes at least as significant a development in the field of cancer diagnostics as in 
vitro screening for pharmaceutical activity. See Cross, 753 F.2d at 1051 ("the first link in the 
screening chain, in vitro testing, may establish a practical utility for the compound in question. 
Successful in vitro testing will marshal resources and direct the expenditure of effort to further in 
vivo testing of the most potent compounds, thereby providing an immediate benefit to the 
public"). 

In addition, like in vitro tests in the pharmaceutical industry, those of skill in the field of 
biotechnology rely on the reasonable correlation that exists between gene expression and protein 
expression (see discussion supra). Were there no reasonable correlation between the two, the 
techniques that measure gene levels such as microarray analysis, differential display, and 
quantitative PCR would not be so widely used by those in the art. See Second Grimaldi 
Declaration at If 5. As in Cross, Appellants here do not argue that there is "an invariable exact 
correlation" between gene expression and protein expression. See Cross, 753 F.2d at 1050. 
Instead, Appellants' position detailed above is that a measured change in gene expression in 
cancer cells establishes a "significant probability" that the expression of the encoded polypeptide 
in cancer will also be changed based on "a reasonable correlation therebetween." Id; see also 
Fujikawa, 93 F.3d at 1565 ("a 'rigorous correlation' need not be shown in order to establish 
practical utility; 'reasonable correlation' suffices"); Nelson, 626 F.2d at 857 (holding that "a 
rigorous correlation is not necessary" and that a "reasonable correlation" will suffice). 
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Also of importance is the Court's rejection of the notion that any in vitro testing must be 
statistically significant to support a practical utility. Nelson, 626 F.2d at 857. Likewise, 
qualitative characterizations of a test compound as either increasing or decreasing blood pressure 
was acceptable. Id at 855 (stating that responses were categorized as either a depressor 
(lowering) effect or a pressor (elevating) effect). This is similar to the data in Example 18, 
where the change in mRNA levels is described as "more highly expressed." 

There are additional similarities. In Fujikawa, the Board and Court rejected the argument 
that there was no utility because there was no exact correlation between the in vitro and in vivo 
results in spite of supporting testimony and references. Fujikawa, 93 F.3d at 1565-66. Like the 
two references rejected by the Board and Court in Fujikawa, the Chen et al reference cited by 
the Examiner may suggest that the correlation between changes in mRNA levels and protein 
levels is not exact. But like Fujikawa, portions of Chen et al also support Appellants' assertion, 
and Appellants have submitted the declaration of two experts in the field which state that those in 
the field rely on the correlation between changes in mRNA and protein. See Second Grimaldi 
Declaration at \ 5; Polakis Declaration at \ 6. Thus, as was the case in Fujikawa, although there 
may be some evidence that the correlation relied on is not exact, the declarations and numerous 
references submitted by Appellants is more than enough evidence to establish that there is a 
"reasonable correlation" between changes in mRNA levels and changes in the level of the 
encoded protein. 

In conclusion, Appellants have asserted that the claimed antibodies are useful for the 
diagnosis of cancer, particularly stomach cancer, based on the data in Example 18. This utility is 
far beyond the nebulous expressions "biological activity" or "biological properties" rejected in In 
re Kirk, 376 F.2d 936, 153 U.S.P.Q. 48 (C.C.P.A. 1967). Like Nelson, Cross, and Fujikawa, 
Appellants have asserted a utility which relies on a reasonable correlation between the data 
disclosed in the application and the asserted utility. The fact that there may be limited evidence 
that the correlation is not exact does not invalidate Appellants' showing of utility since the 
correlation need not be a rigorous or exact one. Considering the relevant evidence as a whole, 
Appellants have provided sufficient evidence to establish a reasonable correlation between 
changes in the level of mRNA and corresponding changes in the level of the encoded 
polypeptide. Therefore the claimed antibodies have a practical utility as diagnostic tools for 
stomach cancer. 
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10. Utility - Conclusion 

Appellants' asserted utility for the claimed antibodies as diagnostic tools for cancer 
corresponds in scope to the subject matter sought to be patented and therefore "must be taken as 
sufficient to satisfy the utility requirement of § 101 for the entire claimed subject." In re hanger, 
503 F.2d 1380, 1391, 183 U.S.P.Q. 288, 297 (C.C.P.A. 1974). The Examiner's unsupported 
arguments and references are not sufficient evidence to make a prima facie showing that "one of 
ordinary skill in the art would reasonably doubt the asserted utility." In re Brana, 51 F.3d 1560, 
1566, 34 U.S.P.Q.2d 1436 (Fed. Cir. 1995). 

And even if the Examiner has established a prima facie case, Appellants have offered 
sufficient rebuttal evidence in the form of expert declarations and references, which, when 
considered as a whole, establish that it is more likely than not that the asserted utility is true. See 
In re Oetiker, 977 F.2d 1443, 1445, 24 U.S.P.Q.2d 1443, 1444 (Fed. Cir. 1992) (stating that the 
evidentiary standard to be used throughout ex parte examination in setting forth a rejection is a 
preponderance of the evidence, or "more likely than not" standard); M.P.E.P. at § 2107.02, part 
VII ("evidence will be sufficient if, considered as a whole, it leads a person of ordinary skill in 
the art to conclude that the asserted utility is more likely than not true .") (emphasis in original). 

Finally, the courts' decisions in similar cases make clear that the evidence provided by 
Appellants is sufficient to establish the asserted utility. The evidence does not need to be direct 
evidence, nor does it need to provide an exact correlation between the submitted evidence and 
the asserted utility. Instead, evidence which is "reasonably" correlated with the asserted utility is 
sufficient. See Fujikawa, 93 F.3d at 1565 ("a 'rigorous correlation' need not be shown in order 
to establish practical utility; 'reasonable correlation' suffices"); Cross, 753 F.2d at 1050 (same); 
Nelson, 626 F.2d at 857 (same). Considering the evidence as a whole in light of the relevant 
cases, the Board should find that Appellants have established at least one specific, substantial, 
and credible utility, and the Examiner's rejection of the pending claims as lacking utility should 
be reversed. 

C. Enablement Rejection - Detailed Argument 

The second issue before the Board is whether Appellants have enabled the pending 
claims such that one of skill in the art would be able to make and use the claimed invention. The 
Examiner has rejected Claims 1-5 under 35 U.S.C. §112, first paragraph, arguing that because 
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the claimed invention is not supported by either a specific or substantial asserted utility or a well- 
established utility, one skilled in the art clearly would not know how to use the claimed invention. 
See Office Action at 3. 

1. Because the Claimed Invention is Supported by a Specific, Substantial and 
Credible Utility, the Enablement Rejection should be Reversed 

For the reasons stated above, the claimed invention is supported by a specific, substantial 
and credible utility. Because the lack of a supporting utility is the only basis for the Examiner's 
rejection under 35 U.S.C. § 1 12, first paragraph, the Board should reverse the rejection of Claims 
1-5 as lacking enablement. 

D. Conclusion 

In view of the arguments presented above, Appellants submit that the specification as 
filed provides a specific, substantial and credible utility for the claimed antibodies and 
respectfully request that the Board reverse the Examiner's rejection of the pending claims under 
35 U.S.C. §101, and the related rejection under 35 U.S.C. §112. 

E. Priority 

The Examiner has maintained that Appellants have not complied with one or more 
conditions for receiving the benefit of an earlier filing date under 35 U.S.C. §119. The Examiner 
asserts that U.S. Provisional Application Serial No. 60/088,029 and PCT Application 
PCT/US00/23328 are not enabling for the instant invention, and do not impart utility to the 
instant invention. Accordingly, the Examiner maintains that the priority date of the present 
application is its filing date, May 2, 2002. 

SEQ ID NOs: 21 and 22 were first disclosed in U.S. Provisional Patent Application Serial 
No. 60/088,029 filed June 4, 1998 and the data in Example 18 were first disclosed in PCT 
Application PCT/US00/23328 filed August 24, 2000 on page 93, line 3 through page 96, line 35. 
As explained in detail above, these prior applications are enabling and establish the utility of the 
claimed invention. Appellants therefore maintain that the present application is entitled to a 
priority date of at least August 24, 2000, if not June 4, 1998. 
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Please charge any additional fees, including any fees for additional extension of time, or 
credit overpayment to Deposit Account No. 1 1-1410. 

Respectfully submitted, 

KNOBBE, MARTENS, OLSON & BEAR, LLP 

Dated: 

2161719 
120205 




Attorney of Record 
Customer No. 30,313 
(619) 235-8550 



-44- 



Appl. No. : 10/063,524 

Filed : May 2, 2002 



VIII. APPENDIX A - CLAIMS ON APPEAL 

1 . An isolated antibody that specifically binds to the polypeptide of SEQ ID NO:22. 

2. The antibody of Claim 1 which is a monoclonal antibody. 

3. The antibody of Claim 1 which is a humanized antibody. 

4. The antibody of Claim 1 which is an antibody fragment. 

5. The antibody of Claim 1 which is labeled. 
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IX. APPENDIX B - EVIDENCE 

Attached hereto is a copy of the evidence cited in Appellants' Brief. The list of evidence 
below is accompanied by a statement setting forth where in the record that evidence was entered 
into the record by the Examiner. 



Tab 


Reference 


Submitted 


Entered 


1 


Hu et al. (J. Proteome 
Res., (2003) 2(4):405- 
12 




Cited by Examiner in final 
Office Action dated December 
9, 2004 


2 


Haynes et al. 
(Electrophoresis, 
(1998) 19(1 1):1862-71 




Cited by Examiner in final 
Office Action dated December 
9, 2004 


3 


Chen et al. (Mol. and 
Cell. Proteomics, 
(2002) 1:304-313) 




Cited by Examiner in final 
Office Action dated June 21, 
2005 


4 


Gygi et al. (Mol. and 
Cell. Bio., (1999) 
19(3): 1720-30) 


Originally submitted with 
Appellants' Response to 
Final Office Action dated 
February 25, 2005 as Exhibit 
6 


Entered by Examiner in final 
Office Action dated June 21, 
2005 


5 


First Declaration of J. 
Christopher Grimaldi 


Originally submitted with 
Appellants' Amendment and 
Response to Office Action 
mailed August 19, 2004 as 
Exhibit A 


Entered by Examiner in final 
Office Action dated December 
9, 2004 


6 


Second Declaration by 
J. Christopher Grimaldi 


Originally submitted with 
Appellants' Amendment and 
Response to Office Action 
mailed August 19, 2004 as 
Exhibit B 


Entered by Examiner in final 
Office Action dated December 
9, 2004 


7 


Declaration of Paul 
Polakis, Ph.D. 


Originally submitted with 
Appellants' Amendment and 
Response to Office Action 
mailed August 19, 2004 as 
Exhibit C 


Entered by Examiner in final 
Office Action dated December 
9, 2004 


8 


Bruce Alberts, et al, 
Molecular Biology of 
the Cell (3 rd ed. 1994) 


Originally submitted with 
Appellants' Response to 
Final Office Action dated 
February 25, 2005 as Exhibit 
1 


Entered by Examiner in final 
Office Action dated June 21, 
2005 


9 


Bruce Alberts, et al , 


Originally submitted with 


Entered by Examiner in final 



Molecular Biology of Appellants' Response to Office Action dated June 21, 

the Cell (4 th ed. 2002) Final Office Action dated 2005 

February 25, 2005 as Exhibit 
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1 0 Genes VI, (Benjamin 
Lewin, Genes VI 
(1997) 



Originally submitted with 
Appellants' Response to 
Final Office Action dated 
February 25, 2005 as Exhibit 
3 



Entered by Examiner in final 
Office Action dated June 21, 
2005 



11 Zhigangefa/., World 
Journal of Surgical 
Oncology 2:13, 2004 



Originally submitted with 
Appellants' Response to 
Final Office Action dated 
February 25, 2005 as Exhibit 
4 



Entered by Examiner in final 
Office Action dated June 21, 
2005 



1 2 Meric et al , Molecular 
Cancer Therapeutics, 
vol. 1,971-979 (2002) 



Originally submitted with 
Appellants' Response to 
Final Office Action dated 
February 25, 2005 as Exhibit 
5 



Entered by Examiner in final 
Office Action dated June 21, 
2005 



13 U.S. Patent No. 
6,414,117 



Originally submitted with 
Appellants' Amendment and 
Response to Final Office 
Action dated August 19, 
2005 as Exhibit 4 



Entered by Examiner in final 
Office Action dated June 21, 
2005 



14 U.S. Patent No. 
6,124,433 



Originally submitted with 
Appellants' Amendment and 
Response to Final Office 
Action dated August 19, 
2005 as Exhibit 5 



Entered by Examiner in final 
Office Action dated June 21, 
2005 



15 U.S. Patent No. 
6,156,500 



Originally submitted with 
Appellants' Submission 
Filed with RCE dated March 
28, 2005 as Exhibit 8 



Entered by Examiner in final 
Office Action dated June 21, 
2005 



16 U.S. Patent No. 
6,562,343 



Originally submitted with 
Appellants' Submission 
Filed with RCE dated March 
28, 2005 as Exhibit 9 



Entered by Examiner in final 
Office Action dated June 21, 
2005 
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X. APPENDIX C - RELATED PROCEEDINGS 

There are no decisions rendered by a court or the Board in any related proceedings 
identified above. 
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Analysis of Genomic and Proteomic Data Using Advanced Literature 

Mining 

Yanhui Hu, Lisa M. Hines, Haifeng Weng. Dongmei Zuo, Miguel Rivera, 
Andrea Richardson, and Joshua LaBaer* 

Institute of Prottomics. Harvard Medical Schooh-BCMP. 240 Longwood Avenue. Boston. Massadiusetts 02 J 15 

Receive* March 13, 2003 

High-throughput technologies, such as proteomic screening and DNA micro-arrays, produce vast 
amounts of data requiring comprehensive analytical methods to decipher the biologically relevant 
results. One approach would be to manually search the biomedical literature; however, this would be 
an arduous task. We developed an automated literature-mining tool, termed MedGene, which 
comprehensively summarizes and estimates the relative strengths of all human gene-disease 
relationships in Medline. Using MedGene. we analyzed a novel micro-array expression dataset 
comparing breast cancer and normal breast tissue in the context of existing knowledge. We found no 
correlation between the strength of the literature association and the magnitude of the difference in 
expression level when considering changes as high as 5-fold; however, a significant correlation was 
observed (r = 0.41; p — 0.05) among genes showing an expression difference of 10-fold or more. 
Interestingly, this only held true for estrogen receptor (ER) positive tumors, not ER negative. MedGene 
identified a set of relatively understudied, yet highly expressed genes in ER negative tumors worthy of 
further examination. 



Keywords: btoinformatics • micro-array » text mining ♦ gene-disease association • breast cancer 



Introduction 

At its current pace, die accumulation of biomedical literature 
outpaces the ability of most researchers and clinicians to stay 
abreast of their own Immediate fields, let alone cover a broader 
range of topics. For example, to follow a single disease. e.g.. 
breast cancer, a researcher would have had to scan 130 different 
journals and read 17 papers per day in 1999. 1 This problem is 
accentuated with high- U trough put technologies such as DNA 
micro-arrays and protcomics. which require the analysis of 
large dalascts involving thousands of genes, many of which are 
unfamiliar to a particular researcher. In any microarray experi- 
ment, thousands of genes may demonstrate statistically sig- 
nificant expression changes, but only a fraction of these may 
be relevant to the study. The ability to interpret these dalasets 
would be enhanced if they could be compared to a compre- 
hensive summary of wl*at Is known about all genes. Thus, there 
is a need to summarize existing knowtedge In a format that 
allows for the rapid analysis of associations between genes and 
diseases or other specific biological concepts. 

One solution to this problem Is to compile structured digital 
resources, such as the Breast Cancer Ccnc Database 1 and the 
Tumor Cene Database.' However, as these resources are I nutl- 
et ir at cd. tl»c labor-intensive review process becomes a rate- 
limiting step in the growth of the database. As a result, these 
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databases have a limited scale and the genes are not selected 
in a systematic fashion. 

An alternative approach is automated text mining; a method 
which involves automated information extraction by searching 
documents for text strings and analyzing their frequency and 
context This approach has been used successfully in several 
instances for biological applications. In most cases, it lias been 
applied to extract information about the relationships or 
interactions that proteins or genes have with one another. In 
the literature or by functional annotation*" 7 Thus far. few 
publication have applied text-mining to examine the global 
relationships between genes and diseases. Perez-Ira txeta et al. 
automatically examined die CO (Cene Ontology) annotation 
of genes and their predicted chromosomal locations In order 
to Identify genes linked to Inherited disorders. 8 

To obtain a more global understanding of disease develop- 
ment, it would be valuable to incorporate information regarding 
all possible gene-disease relationships, including bioclicmical. 
physiological, pharmacological, epidemiological, as well as 
gcncilc. This Information would enable comprelicnslvc com- 
parisons between large experimental dalasets and existing 
knowledge in the literature. Tills would accomplish two things. 
First, it would serve to validate experiments by demonstrating 
dial known responses occur as predicted. Second, it would 
rapidly highlight wJtich genes arc corroborated by the literature 
and which genes arc novel in a given context We liave utilized 
a computational approach to literature mining to produce a 
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comprehensive set of gene-disease relationships. In addition, 
we have developed a novel approach to assess the strength of 
each association based on the frequency of citation and co- 
dlation. We applied this tool to help interpret the data Cram a 
large micro-array gene expression experiment comparing 
normal and cancerous breast tissue. 

Methods 

Med Gene Database. Med Gene is a relational database, stor- 
ing disease and gene information from NCBI, text mining re- 
sults, statistical scores, and hyperlinks to the primary lit- 
erature. Med Gene has a web-based user interface for users to 
query the database (http7/hipseqj^^iiaivard.edu/MedGenc/). 

Text Mining Algorithms. MeSH Dies were downloaded from 
the MeSH web site at NLM (Nation Library of Medicine) (hltp:// 
www.nlm jrUh.gov/mesh/meshhome.htmI) and human disease 
categories were selected. LocusUnk files were downloaded from 
the Locuslink web site at NCBI (hUp://ww.ncbi.nih.gov/ 
LoeusIJnk/). OfDcial/preferred gene symbol, oflkial/pref erred 
gene name, and gene alternative symbols and names, all 
relevant annotations and URLs for each LocusUnk record, were 
collected. Gene search terms were used for literature searching 
and Included all qualified gene names, gene symbols, and gene 
family terms. Primary gene keys, predominantly qualified gene 
family terms and gene ofDcial/p referred symbols, were used 
to Index MedlJne records. If the official/preferred gene symbols 
did not meet the standards to be an index; then qualified gene 
official/preferred names were used. A local copy of Medline 
records (up to July. 2002) was prc-sclcctcd. 

A JAVA module examined the MeSH terms and then Indexed 
each Medline record with the appropriate disease terms. A 
separate JAVA module was used to examine tlie titles and 
abstracts for gene search terms and then to index the gene- 
related Medline records with the relevant primary gene key(s). 

Statistical Methods. For every gene and disease pair, we 
counted records that were Indexed for both gene and disease 
(double positive hits), for disease only (disease single lilts), for 
gene only (gene single hits), and for neither gene nor disease 
(double negative hits) to generate a Z x 2 contingency table. 
On the basis of the contingency table-framework, we applied 
different statistical methods to estimate the strength of gene- 
dlscasc relationships and evaluated the results. These methods 
included chi-square analysis. Fishers exact probabilities, rela- 
tive risk of gene, and relative risk of disease 15 (http:// 
hipseq.med.harvard.edu/MedGcne/). In addition, we computed 
the "product of frequency", which is die product of the 
proportion or disease/gene double hits to disease single nils 
and the proportion of disease/gene double hits to gene single 
lilts. To obtain a normal distribution, we transformed ait the 
statistical scores using the natural logariUiin. We selected the 
tog or the product of frequency (LPF) to validate MedCene and 
to use for the analysis with the micro-array data. Spearman 
rank-correlation coefficients were used to assess, the linear 
relationship between LPF and micro-array fold change in 
expression level. 

Global Analysis. Diseases with at least 50 related genes were 
selected for clustering analysis, and the LPF scores were 
normalized with total score for each disease. Hierarchical 
clustering was done with die "Cluster' software and the 
clustering result was visualized using ~TrceViewer~ (hltp:// 
rana.lbl.gov/nisL-nSortware.hlm). 
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Breast Tissue Micro-Arrays, Eighty-nine breast cancer 
samples (79% ER-posiUve) and 7 normal breast tissue samples 
were selected from the Harvard Breast SPORE frozen tissue 
repository and were representative of the spectrum of histo- 
logical types, grades, and hormone receptor immuno-pheno- 
types or breast cancer. Biotinylated cRNA. generated from the 
total RNA extracted from the bulk, tumor, was hybridized to 
Aflymetrix U95A oligonucleotide micro-arrays. These micro- 
arrays consist of 1 2 400 probes, which represent approximately 
9000 genes. Raw expression values were obtained using GENE- 
CHIP software from Aflymetrix. and then further analyzed using 
the DNA-Chip Analyzer (dChlp) custom software. 

Results 

Automated Indexing of Medline Records by Disease and 
Gene. To study the gene-disease associations In the literature, 
we first compiled complete lists for human diseases and human 
genes. To Index all Medline records that were relevant to 
human diseases, the Medical Subject Heading (MeSH) Index 
of Medline records was utilized. MeSH is a controlled medical 
vocabulary from the National library of Medicine and consists 
of a set of terms or subject headings that are arranged In both 
an alphabetic and an hierarchical structure. Medline records 
are reviewed manually and MeSH terms are added to each with 
software assistance.* 10 Twenty-three human disease category 
headings along with all of their child terms (see the Supporting 
Information. Supplemental Table I, or visit http://hlpseq. 
inediiarvard.edu/MedGene/publication/s_Table l.html) were 
selected from tlie 2002 MeSH index creating a list of 4033 
human diseases. 

No index comparable to the MeSH index exists for genes, 
and thus. It was necessary to apply a string search algorithm 
tor gene names or symbols found In Medline tcxL A complete 
list of genes, gene names, gene symbols, and frequently used 
synonyms were collected from the LocusUnk database at 
NCBI" » which contains 53 259 independent records keyed 
by an official gene symbol or name (June 18 th . 2002). For the 
purposes or this study, no distinction was made between genes 
and their gene products. Authors often use tlie same name for 
both, differentiating the two only by the use of italics, if at all. 
For the intended use of this study, this lack of distinction Is 
unlikely to have a large effect and may in fact be beneficial. 

Initial attempts to search the literature using these lists 
revealed several sources or raise positives and false negatives 
(Table 1). False positives primarily arose when the searched 
term had other meanings, whereas false negatives arose from 
syntax discrepancies necessitating the development of filters 
to reduce these errors. Tlie syntax Issues were readily handled 
by including alternate syntax forms in the search terms. The 
Talse positive cases, caused by duplicative and unrelated 
meanings for the terms, were more diflkull to manage. Where 
possible, case sensitive siring mapping reduced inappropriate 
citations. In many cases, however, this was not sufficient and 
Uie terms had to be eliminated entirely, thereby reducing the 
raise positive rale but unavoidably under-representing some 
genes. 

For die purposes of data tracking, a primary gene key was 
selected to represent all synonyms that correspond to each 
gene. Medline records were Indexed with a primary gene key 
when any synonym Tor that key was round in (he title or 
abstract. Case-insensitive suing mapping was used for all 
searches except as noted above. No addldonal weight was 
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Table 1. Systematic Sources of False Positives and False Negatives In Unfittered Data* 



source of error 



ctypc 



Gllcr solution 



gene symbol/name 
not unique 



gene symbol is 

unrelated abbreviation 
gene symbol/name 

has language meaning 
nonstandard syntax 
unofficial gene name/symbol 
nonspedOed gene name 



false positive MAC-myelm 

associated glycoprotein 
AMG- malignancy- associated 
protein 

fake positive PA-paUld homolcgue (mouse), 

paflldin (also abbrev. for Pennsylvania) 

false positive M^Wlskou-Aldrkh Syndrome 
(also the word "was") 

false negative BAG- J instead or BAG I 

false negative PS3 instead of TPS3 

false negative estrogen receptor instead of 
Estrogen receptor I 



eliminate this term 

eliminate this term 

case-sensitive string search 

add dash term 

add alt gene nicknames 

add family stem term 



* In preliminary studies. Medline was searched for co-occurrence of genes and diseases and the resulting output was evaluated to Identify error sources that 
were amenable to global fillers. Each error source Is categorized by the type of error It causes: fake positives are suggested relationships that are not real and 
fabe negatives are real relationships Out are under repi csented. The filter solutions used axe Indicated, Note that In some cases, the filter solution Itself Introduces 
error. In general, error rates maximized sensitivity, even at the expense of specificity if needed. 



added for multiple occurrences of a term or the co-occurrence 
of multiple synonyms for the same gene key. 

Medline records were searched with all qualified gene 
identifiers, such as the official/preferred gene symbol, the 
official/preferred gene name, all gene nicknames and ail syntax 
variants. In situations where there are several members of a 
gene family or spUce variants, some authors prefer to use a 
shortened gene family name, e.g., estrogen receptor instead of 
estrogen receptor 1 (ESRl), creating a source of false negatives. 
For this reason, gene family stem terms were created for all 
genes that have an alpha or numerical suffix (e.g.. JL2RA. TGF&, 
ESR1, etc.) and then used to search the literature. The family 
stem terms were handled separately from the specific gene 
names so that it would be clear when linkages were made to 
the gene family versus a specific member in that family. 

To improve performance and accuracy, some pre-selection 
was applied to the records that were scanned. First, review 
articles were eliminated to avoid redundant treatment of 
dtations. Second, non- English journals were removed because 
the natural language filters were only relevant to English 
publications. Finally. Journals unlikely to contain primary data 
about gene-disease relationships were also removed (e.g.. Inf. 
I Health Educ, Bedside Nurse, and / Healtli Econ). Together, 
these fillers reduced the 12 198 221 Medline publications (July 
2002) by 37%. 

Ranking the Relative Strengths of Gene Disease Associa- 
tions. In total, there were 618 708 gene- disease co-citations, 
in which 16% (8297) of ail studied genes had been associated 
to a disease and 96% (3875) of all diseases had been associated 
to at least one gene. To rank the relative strengths of gene 
disease relationships, we tested several different statistical 
methods and examined the results. With die exception of the 
relative risk estimates, the methods provided similar results 
with respect to the rank order of the gene-disease association 
strengths. However, after comparing the results to other 
databases and after consulting disease experts, the log of the 
product of frequency (LPF) was selected for further analysis 
because it gave the best results overall. 

Validation of McdCcnc. In developing this tool, it was 
important to minimize the number of missed genes (false 
negatives) and miscalled genes (false positives). However, in 
situations when these goals were In conflict, indusiveness was 
prioritized. To determine the false negative rate in MedCcnc. 
breast cancer was used as a lest case because It was associated 
with more genes than any other human disease and because 




Figure 1. Estimation of the false negative rate by comparison 
with hand-cur at ed databases. The breast cancer-related genes 
Identified by MedGene were compared with those listed In 
several other databases including the Tumor Gene Database 
(TGD). 2 the Breast Cancer Gene DatabasejBCG). 1 GeneCards 
(GC)" and Swissprot.™ Genes were considered false negatives 
if they were represented In at least one of these other databases 
and not in MedGene and their link to breast cancer was sup- 
ported by at least one literature reference. All literature references 
were verified by manual review to confirm their validity. The 
number of genes in each database or shared by more than one 
database is indicated. The false negative rale was calculated by 
genes missed at MedGene (?6)/total number ol nonover lapping 
genes in other databases (285). 

there were several public databases that link genes to breast 
cancer. We compared the list of breast cancer-related genes 
from MedCene to these databases. Illustrated In Figure 1. 
Among the 285 distinct breast cancer- related genes that were 
supported by at least one literature citation in these hand- 
curolcd databases. 26 were absent from MedCene. suggesting 
a false negative rate of approximately 9%. To determine why 
these were missed, all literature references for these genes (80 
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papers) were reviewed manually (see the Supporting Informa- 
tion. Supplemental Table 2, or visit http://hlpseq.med. 
haivard.edii/MedGeneypublicatJon/sjrable 2. html). Among 
these papers, most false negatives were caused by nonstandard 
gene terms or gene terms eliminated by our specificity filters. 
Few genes were missed because they were only mentioned in 
review papers (0.4%) or they appeared only in the body of (he 
manuscript but not the abstract or title (1.1%). Of note. 
MedGene identified approximately 2000 additional breast 
cancer-related genes not listed In any other database. 

To assess the false positive error rate, two complementary 
approaches were used: a detailed analysis of one disease and 
a global examination of 1000 diseases. The detailed approach 
examined the false positive error rate and Its sources, whereas 
the global approach tested whether the overall results made 
biomedical sense. 

Using the LPF. 1467 genes related to prostate cancer were 
assembled In rank order. We then retrieved approximately 300 
Medline records each for the highest ranked 100 and the lowest 
ranked 200 genes and manually reviewed the titles and 
abstracts to determine the verity of the association. Nearly 80% 
of the highest ranked 100 genes fell into one of the five 
categories that reflect meaningful gene-disease relationships 
(sec the Supporting Information, Supplemental Table 3, or visit 
http://hIpseq.med.harvard.edu/MedCene/publlcation/ 
sJTable 3.html). Among the lowest ranked 200 genes, ap- 
proximately 70% reflected true relationships. Of the 600 records 
reviewed, mere were only two In which the association between 
the gene and the disease was described as negative. Both were 
genes with very low scores. In both cases, the authors did not 
argue the absence of any relationship, but rather that a 
particular feature of the gene or protein was not shown to be 
related to human prostate cancer. 1314 

The coincidence of some gene symbols with medical ab- 
breviations, chemical abbreviations and biological abbrevia- 
tions resulted in most of the false positives (see the Supporting 
Information. Supplemental Table 4. or visit http://hipse- 
q.med.harvard.edu/MedCene/pubUcaUon/s_Tablc 4.hunl). em- 
phasizing the importance of the filters that were added in the 
search algorithm (Table 1). Without the filters, the false positive 
rate more than doubled, and the false negative rale rose 
dramatically (data not shown). For example, among the papers 
about breast cancer, there were only 12 Medline records that 
referred to ESR1 and 10 to ESR2. whereas almost 2000 papers 
mentioned estrogen receptor without specifying ESRl or ESR2, 
this latter group was delected by the family stem term filter. 

To further validate these results, a global analysis of the gene- 
disease relationships described by McdCene was performed. 
For this experiment. It was reasoned that the more closely 
related the diseases arc to one another, the more they will be 
related to the same gene sets. Thus, if the relationships defined 
by Med Cone accurately reflected the literature, then an unsu- 
pervised hierarchical clustering of the gene data should group 
diseases Jn a manner consistent with common medical think- 
ing. Conversely, if the clustered diseases do not make sense 
biologically or medically, it may reflect excessive false positives, 
false negatives, or inappropriate scoring of the data. 

To execute Oils experiment, the gene seta and the corre- 
sponding LPF values for 1000 randomly selected diseases (each 
with at least 50 gene relationships) were used as a datasel for 
clustering the diseases. A review of the results showed that the 
resulting disease clusters were Indeed logical based upon 
common medical knowledge (see the Supporting Infonnation. 
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Supplemental Figure 1. or visit hi tp^/hips eqjnedJiarvard.edu/ 
MedGene/publicaUon/s^Figure lhtnu). For example, in one 
such duster shown in Figure 2. diabetes and its complications 
grouped together and were also doseJy linked to diseases 
associated with starvation states. 

The number of genes associated with a given disease can . 
be estimated by adjusting the MedGene number up by the false 
negative rate (^9%) and down by the false positive rate (-26% 
on average). Using thb, the average disease has 103.7 ± 45.3 
{mean ± sjd) genes associated with It, although the range Is 
quite broad with 2359 genes related to breast cancer. 2122 
genes related to lung cancer and no genes related to a number 
of diseases. 

Applying MedGene to the Analysis of Large Datasets. Access 
to a comprehensive summary of the genes linked to human 
diseases provided an opportunity to analyze data obtained from 
a high-throughput experiment We compared the MedGene 
breast cancer gene list to a gene expression data set generated 
from a micro-array analysis comparing breast cancer and 
normal breast tissue samples. Micro-array analysis Identified 
2286 genes that had greater than a 1-fold difference In mean 
expression level between breast cancer samples and normal 
breast samples. Using MedCene. we sorted the 2286 genes into 
four classes: 555 genes directly linked to breast cancer In the 
literature by gene term search (first-degree association by gene 
name): 328 genes directly linked by family term search (first- 
degree association by family term): 1021 genes linked to breast 
cancer only through other breast cancer genes (second-degree 
association): and 505 genes not previously associated with 
breast cancer. (See the Supporting Information. Supplemental 
Figure 2. or visit http://hlpseq.med.harvard.edu/MedCene/ 
publicallon/sj^lgure 2.html.) Among the 505 previously un- 
related genes. 467 were either newly identified genes or genes 
that had not previously been associated with any disease. 
Among the remaining 38 genes, 9 had been related to other 
cancers, specifically esophageal colon, uterine, skin, and cervix. 

To determine whether the genes highlighted by the micro- 
array analysis were more likely to have been previously linked 
to breast cancer in the literature, we created a two-dimensional 
plot of the fold change of expression level between breast 
cancer and normal tissue versus the literature score (LPF) 
(Figure 3A). There was a broad spread of expression changes 
among the genes directly linked to breast cancer ranging from 
less than I -fold change (68%) to over 40-fold (0.3%). Notably, 
the majority or genes with greater than 10-fold expression 
changes were linked to breast cancer by first-degree associa- 
tion. 

Among all 754 genes directly linked to breast cancer in the 
literature, there was no correlation between LPF and micro- 
anay fold change (r « 0.018. p- value = 0.62). However, when 
we stratified the analysis based on the magnitude of the fold 
cliangc. we observed an increasing trend in correlation (Figure 
3B) suggesting that genes with a more substantial change in 
expression level were more likely to have a stronger association 
in Die literature. For genes that had 10-fold change or more In 
expression level, the correlation Increased to 0.4 1 (p- value = • 
0.05). 

When we evaluated the micro- array data sepamtely for ER 
positive and ER negative tumors, the trend In correlation 
between fold change and literature score was lughly dependent 
on estrogen receptor status, interestingly, there was a similar 
trend In correlation for ER positive tumors, but no trend in 
correlation for ER negative tumors. 
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Coxsackievirus Infections 
Obesity In Diabetes 
Diabetic Ketoacidosis ' 
Glucose Intolerance 

Diabetes Mellitue, Non- Insulin- Dependent 

Diabetes Mellltus, Insulin -Dependent 

Pregnancy In Diabetics 

Diabetic Retinopathy 

Diabetic Angiopatbieo 

Diabetic Neuropathies 

Glycosuria 

Byperlnsullnlsm 

Hyper ins ul i nemla 

Hypoglycemia 

Hyperglycemia 

Diabetes Mellltus, Experimental 
Diabetes Mellltus 
Diabetes, Gestational 
"S"te~r~ f a £f on 
Jaundice, Meonafcal 
Brain Bdema 
Pulmonary Bdesta 
Nutrition Disorders 
Kwashiorkor 
Critical Illnoes 
Burns 

Diabetic Nephropathies 

Albuminuria 

Insulinoua 




Figure 2. Global validation by clustering analysis. 2(A). The gene sets and the corresponding LPF values (or 1000 diseases, each with 
at least 50 gene relationships, were used in an unsupervised clustering of the diseases based on the gene patterns associated with 
them. A sample of the data Is shown here. 2(B). One of the resulting clusters Is shown thai corresponds to blood sugar states. Diabetes 
terms (above the line) and starvation states terms (under the line) clustered together. Within these groups, there Is also clustering of 
diabetic small vessel complications, altered serum chemistries, nutritional disorders. etc.(Supp!emental Figure 1: hup^/hlpseq.med. 
harvard.eduyMedGene^xjbl)catlon/s_Figure Lhtml). 

Finally, lo validate our findings, we computed similar cor- disease unrelated (o breast cancer. As expected, wc did not 
relations between ihe bieast cancer expression data and observe an increasing trend in correlation for hypcrtcn- 
LPF scores generated by McdCcnc for hypertension, a sion. 
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Microarray Fold Change (Cancer/Normal) 




Microarray Fold Change 



Figure 3. Relationship between literature score and functional dala for breast cancer. 3A. The data from an expression analysis of 
samples for breast tumors and normal breast tissue were analyzed to Indicate the fold difference of expression level between breast 
tumor and normal sample (cutoff > 3-fold change). The fold changes were plotted against the literature score for the same gene set. 
Green dots represent first-degree association by gene search, blue dots represent first* degree association by family search and red 
dots represent no-association. Some well-studied genes, such as BRCA2 (pink circle), are not reflected by a substantial difference In 
expression level. Furthermore, the majority of genes that have no association with breast cancer in the literature had less than 10-fold 
expression changes (shaded area). 3B. The Spearman rank-con elation coefficients between literature score (LPF) and the fold change 
of expression level between tumor and normal breast samples (y>axis) in relation to the amount of fold change of expression level 
(x-axis). Gene rank lists were generated for breast cancer (blue) and hypertension (pink). Correlations were also computed between 
the breast cancer gene LPF scores and fold change expression data among estrogen receptor positive tumors only (light blue) and 
estrogen receptor negative tumors only (purple). 
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breast neoplasms 


hypertension 


rheumatoid arthritis 


btpolar disorder 


atherosclerosis 


estrogen receptor 


Xc/v 


OA 


FPHAt 
BalMi 


apoiipoproieiD 




r>AP 


TKMTfZPtnA 




AjrOIi 


ERBB2 


LEP 


CRP 


PFKL 


LDLR 


a or* a t 


act 


AS 
/to 




ELN 


BRCA2 


/AS 


ESRI 


TRW 


ARCI 


ECFR 


kalUkrein 


tn a nDDt 


ML/DA* 


irv>n 
ArXUf 




/•US 


UK I 


rtinJn 


APTkAt 


irti 


enaoinciin 


inieneuxin 


npno 




PSEN2 




TNF 


REM 


LPL 






JLO 


AC7V/VJ 


rUNl 

plasminogen 


CES3 • 


DIANPH 


collagen 




activator inhibitor 


UtALAMS 


CADI 


n t a 
ILIA 


HTR2C 


nr /*■ 
PLC 

vascular cell 


ERBB3 


PIN 


ACR 


RELN 


aHtkAvlttn iilj ihu titj» 


cydln 


CDS9 


TNFRSF12 


DBH 


ATOHI 


ALB 


LIZ 


MAOA 


VWF 


cathepsin 


CYPUB2 


CHJ3L1 


com 


INS 


ERBB4 


MAT2B 
angiotensin 


IL8 


HTR2A 


ARC2 


7R/1M 


receptor 


Interleukln 1 
matrix 


SYNJI 


ABCAI 


CCNDI 


AGTR2 


metalloprotelnase 


INPP1 


OLRl 


ECF 


NPPA 


interreron 


NEDD4L 


collagen 


MUCI 


LVM 


CD68 


FRAI3C 
transducer of 


MCP 


insulin- like 


DBH 


IL4 


ERBB2 


lipoprotein 


DCL2 


NPY 


ILJ7 


BAJAP3 


APOA2 
intercellular 


mucin 


POMC 


MMF3 


ATPIB3 


adhesion molecule 


FGF3 


neuropeptide 


S1L 


DRD5 


RAB27A 



• McdCenc results for the top 25 genes associated with breast neoplasms, hypertension, rheumatoid arthritis, bipolar disorder, and atherosclerosis, respectively, 
ranked by U>F scores. The hyperlink to all the papers codling the gene and the disease is available at Med Gene website (http://hlpscq.mcdiwrrQrd.edu/ 
MedGene/). 



Discussion 

The Human Genome Project heralded a new era In biological 
research where the emphasis on understanding specific path- 
ways has expanded to global studies of genomic organization 
and biological systems. High-throughput technologies can 
provide novel insight into comprehensive biological function 
but also introduces new challenges. The utility of these 
icdmologies Is limited to the abOlLy to generate, analyze, and 
interpret large gene lists. MedGene, a relational database 
derived by mining the Information In Medline, was created to 
address this need. McdCenc users can query for a rank -ordered 
list of human gene-disease relationships (Table 2) for one or 
more diseases. Each entry is hyperlinked to the original papers 
supporting each association and to other relevant databases. 

MedCcnc Is an Innovative extension of previous text mining 
approaches. Perez-Ira txcla el al. used the CO annotation and 
their chromosomal locations to predict genes that may con- 
tribute to Inherited disorders. 1 MedCcne lakes a broader view 
and includes all diseases and all possible gene-disoase relation- 
ships. Furthermore. MedGene utilizes co-citation to indicate a 
relationship rather than CO annotation, which Is limited to the 
subset of genes dial have CO annotation. Our approach is 
complementary to that taken by Chaussabet and Sher. who 
used the frequency of co-cited terms to duster genes Into a 
liierarchy of gene- gene relationships.* 

A unique aspect of this tool Is the ability to assess the relative 
strengOis of gene- disease relationships based on the frequency 
of both co-citation and single citation. This presupposes that 
most co- citations describe a positive association, often referred 
to as publication bias 1 ' and is supported by our observations 



thai negative associations; are rare (Supplemental Table 3: 
htlp://hlpseq JnedJiarvard.edu/McdCene/publicaUon/s_Ta- 
ble 3Jilml). Of course, relationships established by frequency 
of eo-dlalion do not necessarily represent a true biological link; 
however, it is strong evidence to support a true relationship. 

Another Important feature of MedGene is the implementa- 
tion of software fillers that substantially reduced the error rale. 
We estimate that less than 10% of all associations were missed 
and at least 70% of even Ihe weakest associations were real. 
For Ibis study, all of the filters thai we applied were general 
ones. e.g.. expanding the list of all gene names to address the 
different syntax forms used by different journals, eliminating 
gene names that correspond to common English words, etc. 
The majority of the remaining search term ambiguities were 
Idiosyncratic and difficult to identify systematically without 
causing a significant rise in false negatives. Alternative ap- 
proaches, such as the examination of the nearest neighbor 
terms, need to be considered to further reduce Ihe false positive 
rate. 

It Is not uncommon to see expression changes in micro- 
array experiments as small as 2-fold reported in the literature. 
Even when these expression changes are statistically significant. 
It Is not always dear if they are biologically meaningful. When 
comparing expression levels of disease to normal tissue, one 
expects an enrichment of known disease-related genes to 
appear In Ihe altered expression group. MedCcne provided a 
unique opportunity to test this notion in the context of existing 
knowledge on a novel breast cancer micro-array datasct. For 
genes displaying a 5-fold change or less in tumors compared 
to normal, there was no evidence of a correlation between 
altered gene expression and a known role in die disease. This 
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Table 3. Genes with Large Expression Changes In ER- but 
Not In ER+ Breast Tumors 



gtrvc symbol 


fold change (ER+) 


fold change (ER* 


illlJ MMMfm 


1.0 


610.8 


BRS3 


12 


89.4 


DKKI 


12 


69.8 




1 Q 


59.6 


TT VI 
JIM J 


i n 

I.U 


3&S 


VIA AORS(\ 




332 


LrlM/VJ 


1 A 
IM 




trato 


A fi 


27.9 




ft 


21.9 


CJVffl 
OMIitO 


A 7 

4./ 


18.6 


i~*f>VAQ 


i.U 


14.D 


SnJUllf 


I 6 


14.4 


i adi 




13.5 


phi fp 


A Z 


13.0 


nm\»9 


A A 


12.9 




— 1 ? 
l.C 


12-3 




2.9 


12.2 


CCNB2 


1.0 


11.8 


CCNE2 


4.0 


11.6 


FCB 


-4.3 


111 


KNSL6 


2.9 


10.9 


HIFS 


3.0 


10.2 


SERPINH2 


4.6 


10.2 


YAPI 


1.0 


10.0 


LPHB 


-1.3 


-10.4 


TCEA2 


-I.I 


-10.8 


TFFS 


1.3 


-11.4 


COLJ7A1 


-4.1 


-15.7 


POPS 


I.I 


-16.2 


BPACl 


-4.6 


-22-3 


PDZKl 


-I.I 


-36.8 


VEGFC 


-2.8 


-51.5 


MUC6 


-1.4 


-64.9 


SERPINA5 


-1.0 


-83J 


MElSl 


-1.6 


-85J) 


CA12 


2.4 


-150.3 



Table 3. McJCene hlejuifled a set of relatively understudied, yet highly 
expressed genu in ER ncgaUve. hut nol ER positive breast tumors. All or 
these genes have cither never been co cJtcd with breast cancer or hnvc a 
weak association except those mailtcd with an \ 



reflects the many genes whose role In breast cancer may not 
involve large changes In expression In sporadic tumors (c.g.. 
DRCA1 and BRCA2) and genes whose modest changes In 
expression may be unrelated to the disease. Strikingly, among 
genes with a 1 0-fold change or more In expression level, there 
was a strong and significant correlation between expression 
level and a published role in the disease, providing the first 
global validation of the micro-array approach to identifying 
disease-specific genes. 

The results derived from McdCcne have two implications. 
First a careful hunt for corroborating evidence of a role in 
breast cancer should precede any further study of genes with 
less than 5-fold expression level changes. Second, any genes 
with 10-fold changes or more are likely to be related to breast 
cancer and warrant atlendon. It is likely that this threshold will 
change depending on the disease as well as the experiment 

Interestingly, the observed correlation was only found among 
ER-positivc tumors, nol ER-negaUvc. This may reflect a bias 
in the literature to study the more prevalent type of tumor In 
the population. Furthermore, this emphasizes that caution 
must be taken when Interpreting experiments that may contain 
sub populations that behave very differently. The McdCcne 
approach identified a set of relatively understudied, yet liighly 
expressed genes hi ER-ncgativc tumors dial arc worthy of 
further examination (Table 3). 



In conclusion, we have developed an automated method of 
summarizing and organizing the vast biomedical literature. To 
our knowledge, the resulting database Is the most comprehen- 
sive and accurate oflts ldnd. By generating a score that reflects 
the strength of the association, it provides an important tool 
for the rapid and flexible analysis of large datasets from various 
Wgh-uVoughput screening experiments. Furthermore, it can 
be used for selecting subsets of genes for functional studies, 
for building disease-specific arrays, for looking at genes com- 
mon to multiple diseases and various other high-throughput 
applications. In the future, it will be possible to enhance the 
utility of the MedCene database by building links between 
genes and other MeSH terms as well as other biological 
processes and concepts, such as cell division and responses to 
small molecules. 
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Ptui a. Hayues Proteome analysis: Biological assay or data archive? 

Steven P. Gygi 

R^if jS* y *M m ^ 8 revJew examine the current stale of proteome analysis. There are 

Kuedi Aeoersoid three main issues discussed: why it is necessary to study proteomes; how pro* 

n . t r M , , . teomes can be analyzed with current technology; and how proteorae analysis 

Department "Molecular can be used to enhance biological research. We conclude that proteome anal- 

Biotechnology, Wkiw of . ysis is an essential tool in the understanding of regulated biological systems. 

Washington, Seattle, WA, USA tcchDOlo ^ whi | e m moslly limited t0 ^ mOf0 abundant proteins, 

enables the use of proteome analysis both to establish databases of proteins 
• present* and to perform biological assays involving measurement of multiple 
variables. We believe that the utility of proteome analysis, in future biological 
research will continue to be enhanced by further improvements in analytical 
technology. J . 

Contents resolution two-dimensional gel electrophoresis (2-DB), 

i T*»»ui«»t;* n • detected in the gel and Identified by their amino add 

1 ETl" nrn'un^ InVi^ " urn **P™<*. The ease, sensitivity and speed with which gel- 

2 Rationale for proteome analysis 1862 separaled protems ^ ^ iden tified by the use of recent* 

1 7 P^lTiV L SLMb 'm^lfi^ VnH increased the interest in proteome technology. One 

2.2 Proteins are dynamically modified and pro- - of the most attractive features of such analyses is that com- 

2.3 r^teomes'are* '^^^"S'flaV • 

state of a biologic^ system .1*63 J^S^ 

3, ^requirements of proteome ted, 

t> m^»i^h^Vrir*'nlU^^»»itaJ*V * ferent organisms and. cell types. Microbial proteome pro- 

^m^? m »?e^uSfS^Sit jwts currently. a progress utdud*. for example: SfcrfL- 

common implemeatabon of proteome anal- • ^c* cercvMac M Salmtnello enteric* M Sptnpfrma 

lary LC-MS/MS and CB-MS/MS : 1865 'ZZZ*7n K^'i^iQ^S^f^"* 

3 1 1 iau«/m« ia*« 0»'*» W- I 8 ). Escherichia «oW [9J, Rhttobtum legumbio- 

3 3 J CB-MS/MS 18*5 P"** 6 * underway for tissues of more complex organ- 
3!4 Asse*ment of 'i^STi^M*!^ isms tocluoe those for: buinan bladder squamous cefl 

notow 1866 camnomas U2]. human Irver [13), human plasma (13), 

4 ni?Kh, *>r '^iiy^l ' V«\7™i 1 " r»* KtliU J-i human keratinocytes [12], human fibroblasts [121 mouse 
SSh ^ 1868 kidney [12], and rat seruiJl [MJ. In this numusWt we cri- 

4 1 Th+ iim^mV " 1«" V Yfl».fcV«« * * i fl/cu UcaU y (ne concept of proteome analysts and the 

1 Introduction 2 Rationale for proteome analysis 

A proteome has been defined as the protein complement The dramatic growth in both the number of genome 

expressed by the genome of an organism, or, in multicel- projects and the speed with which genome sequences 

lular organisms, as the. protein complement expressed by a are being determined has generated huge amounts of 

tissue or differentiated cell (1). In the most common im- sequence information, for some species even complete 

plementatioh of proteome analysis the proteins extracted genomic sequences G15-17D. Tbt description of the 

from the cell or tissue analyzed arc separated by high state of a biological system by the quantitative measure- 

— — • ment of system components has long been a primary 

^T B ^if^^ ob i wUvc ln molecular biology. With recent, technical 

9SI9J. USA (I* +20tOS42tf; P«: ♦10W8S4J92; M modi *? ? ,eVC,0pm6n J *: 

«u.wuhiogtoA.cdu) play-PCR [18], cDNA microarray and DNA chip techno- 

logy (19, 20] and serial analysis of gene expression 
Abbrertnlopi: CID. coUidotvintfuced distodaUoo;- MS/MS, tandem (SAOB) [21, 22], 1t is now feasible to establish global and 
m«* SAGE, aerial an.** of exprwsion quantitative mRNA expression maps of cells and tissues, 

Ktrwftris: Proteome / TVo-diraewicniJ polytcryUrakJe gel' electro- in which the sequence of all the genes is known, at a 
pboruij / Tudem miaj spectrometry speed and sensitivity which is not matched by current 
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protein analysis technology. Given the long-standing 
paradigm in biology that DKA synthesizes RNA which 
synthesizes protein, and the ability to rapidly establish 
global, quantitative raRNA expression maps, the ques- 
tions which arise are why technically complex proteome 
projects should be undertaken and what specific types of 
information could be expected from proteome projects 
which cannot be obtained from genomic and transcript 
. profiling projects. We see three main reasons for pro- 
teome analysis to become an essential component in the . 
comprehensive analysis of biological systems, (i) Protein 
expression levels are not predictable from the mRNA 
expression levels, (if) proteins are dynamically modified 
and processed in ways which are not necessarily 
apparent from the gene sequence, and Qii) proteomes 
are dynamic and reflect the state of a biological system. 

2.1 Correlation between mRNA and protein. expression 
levels 

Interpretations of quantitative mRNA expression profiles 
frequently implicitly or explicitly assume that for specific 
genes the transcript levels are indicative of the levels of 
protein expression. As part of an ongoing study in our 
laboratory, we have determined the correlation of expres- 
sion at the mRNA and protein levels for a population of 
selected genes in the -yeast Sacckaromyca cerevistoc 
growing at mid-log phase (S. P. Gygi tt ol. t submitted for 
publication). mRNA expression levels were calculated 
from published SAGB frequency tables (22]. Protein 
expression levels were quantified by metabolic radiola- 
beling of the yeast proteins, liquid scintillation counting 
of tho protein spots separated by high resolution 2-DE 
and mass spectrometry identification of the protein(s) 
migrating to each spot The selected 80 samples consti- 
' tutc a relatively homogeneous group with respect to pre- 
dicted half-life and expression level of the protein pro- 
ducts. Thus far, we have round a general trend but no 
strong correlation between protein and transcript levels 
(Pig. IX For some genes studied equivalent mRNA trans- 
cript levels translated into protein abundances which 
varied by more than 50-fbld. Similarly, equivalent steady- 
state' protein expression levels were maintained by trans- 
cript levels varying by as much as 40-fold (S. P. Oygi 
tt a/., submitted). These results suggests that even for a 
population of genes predicted to be relatively .homoge- 
neous with respect to protein half-life and gene expres- 
sion, the protein levels cannot be accurately predicted 
from the' level of the corresponding inRNA transcript. 



2.2 Proteins are dynamically modified and processed 

In the mature, biologically active form cnany proteins are 
post-translationaily modified by glycosylation, phosphor- 
ylation, prenylation, acylation, ubtquitination or one or 
more of many other modifications (23) and many pro- 
teins are only functional if specifically associated or com- 
pleted with other molecules, including DNA, RNA, pro- 
teins and organic and inorganic cefaclors. Frequently, 
modifications are dynamic and reversible and may alter 
the precise three-dimensional structure and the state of 
activity of a protein. Collectively, the state of modifica- 
tion of the proteins which constitute a biological system 
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Fliurt 1. CorreUtioo tetweeo mRNA and protein levels In yeast colls. 
For a selected population of 80 fenes, protein let els were measured 
by v -S*ffidloUbci!ns and mRNA levels wc/o calculated from publi- 
shed SAOB tables. Inset expanded view of tho low abundance region. 
For mere experimental details, abo see Fig*- 5 and 6\ (S. P. Oygi tt ol, 



are important indicators for the state of the system. The 
type of protein modification and the sites modified at a 
.specific cellular state can usually not be determined 
from the gene sequence alone. 

23 Proteomes are dynamic and reflect the state of a 
biological system 

A single genome can give rise to many qualitatively and 
quantitatively different proteomes. Specific stages of the 
cell cycle and slates of differentiation, responses to 
growth and nutrient conditions, temperature and stress, 
and pathological conditions represent cellular states 
which arc characterized by significantly 'different pro* 
teomes. The proteome, in principle, also reflects events 
that are under translatlonal and post-translational con* 
trol It is therefore expected that proteomics wUl be able 
to provide the most precise and detailed molecular des- 
cription of the state of a cell or tissue, provided that the 
external conditions defining the state are carefully deter- 
mined. In answer to the question of whether the study 
of proteomes is necessary for the analysis of biomotet> 
ular systems, it is evident that the analysis of mature pro- 
tein products in cells is essential as there are numerous 
levels of. control of protein synthesis; degradation, 
processing and modification, which, are only apparent by 
direct protein analysis. . . 



3 Description and assessment of current proteome 
analysis, technology 

3.1 Technical requirements of proteome technology 

In biological systems the level of expression as well as 
the states of modification, processing and macro-mo tec* 
ular association of -proteins are controlled and modu- 
lated depending on the state of the system. Comprehen- 
sive analysts of the identity, quantity and state of modifi- 
cation of proteins therefore requires the detection and 
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quantitation of the proteins which constitute the system, 
and analysis of differentially processed forms. There are 
a number of inherent difficulties in protein analysis 
which complicate these tasks. Pint, proteins cannot be 
amplified. It is possible to produce targe amounts of a 
particular protein by over-expression in specific cell sys- 
tems. However, since many proteins are dynamically 
-post-translalionaliy modified, they cannot be easily am- 
plified in the form in which they finally function in the 
biological system. It is frequently difficult, to purify from 
the native source sufficient amounts of a protein for 
analysis. From a technological point of view this trans* 
lates into the need for high sensitivity analytical tech- 
niques. Second, many proteins are modified and pro- 
cessed posi-translationaUy. Therefore, In addition to the 
protein identity, the structural basis for differentially 
modified isoforms also needs to be determined. The dis- 
tribution of a constant amount of protein over several 
differentially modified isoforms further reduces the 
amount of each species, available for analysis. The com- 
plexity and dynamics of post-translationai protein edit- 
ing thus significantly complicates proteome studies. 
Third, proteins vary dramatically with respect to their 
solubility in commonly used solvents. There are few, if 
any, solvent conditions in which all proteins are soluble 
and which are also compatible with protein analysis. This 
makes the development of protein purification methods 
particularly difficult since both protein purification and 
solubility have to be achieved under the same , condi- 
tions. Detergents, in particular sodium dodecyi sulfate 
(SDS), -are frequently added to aqueous solvents to 
maintain protein solubility. The compatibility with' SDS 
is a big advantage of SDS polyacrylamide gel electro-" 
^phoresis (SDS-PAGB) over other protein separation 
techniques. Thus, SDS-PAGB and two-dimensional gel 
electrophoresis, which also uses SDS and other deter- 
gents, are the most general and preferred methods for 
the purification of small amounts of proteins, provided 
that activity does not necessarily need to be maintained. 
Lastly, the number of proteins in a given cell system is 
typically in the thousands. Any attempt to identify and 
categorize all of these must use methods which are as 
rapid as possible to allow completion of the project 
within a reasonable time frame. Therefore, a successful, 
general proteomics technology requires high sensitivity, 
high throughput, the ability to differentiate differentially 
modified proteins, and the ability to quantitatively dis- 
play and analyze ail the proteins present in a sample. 

3 2 2-D electrophoresis — mass spectrometry: a common . 
• Implementation of proteome analysis 

The most common currently used implementation of 
proteome analysis technology is based on the separation 
of proteins by two-dimensional (IEF/SDS-PAOB) gel 
electrophoresis and their subsequent identification and 
analysis by mass spectrometry (MS) or tandem mass 
spectrometry (MS/MS). In 2-DB, proteins are first separ- 
ated by isoelectric focusing (IBF) and then by SDS- 
PAGE, in the second, perpendicular dimension. Separ- 
ated proteins are visualized at high sensitivity by staining 
or autoradiography, producing two-dimensional arrays of 
proteins. 2-DB gels are, at present, the most commonly 
used means of global display of proteins, in complex 



samples': The .separation of thousands of proteins has 
been achieved in a single gel [24, 25) and differentially 
• modified proteins are frequently separated. Due to the 
compatibility of.2-DB with high concentrations .of deter- 
gents, protein denaturants and other additives promoting 
protein solubility, the technique .is widely used. 

The second step of this type of proteome analysis is the 
identification and analysis of separated proteins. Individ- 
ual proteins from polyacrylamide gels have traditionally 
been identified using //-terminal sequencing (26, 27), 
.internal peptide sequencing (28, 29}, immunoblotting or 
. emigration with known proteins (30). The recent dra- 
matic growth of large-scale . genomic and expressed 
sequence tag (EST) sequence databases has resulted itkA 
fundamental change in the way proteins are identified gy 
their amino acid sequence. Rather than by the traditional 
methods described above, protein sequences are now fre- 
quently determined by . correlating mass spectral or 
tandem mass spectral data of peptides derived from pro- 
teins, with the information contained in sequence data- 
bases [3 1-33). 

There are a number of alternative approaches to pro- 
teome analysis currently under development There is 
considerable interest la developing a proteome analysis 
stragegy which bypasses 2-DE altogether, because it is., 
considered a relatively slow and tedious process, and 
because of perceived' difficulties in extracting proteins . 
from the gel matrix for analysis. However, 2-DE as a 
starting point for proteome analysis has many. advan- 
tages compared to other techniques available today. The 
most significant strengths of the 2-DB-MS approach 
include the relatively uniform behavior of proteins in 
gels, the ability to quantify spots and the high resolution 
and simultaneous display of hundreds to thousands of 
proteins within a reasonable time frame.' 

A schematic diagram of a typical procedure of the Identi- 
fication of gel-separated proteins is shown in Eg. 2. Pro- 
tein spots detected in the gel are enzymatically or chemi- 
cally fragmented and the peptide fragments are isolated 
for analysis, as already indicated, most frequently by his 
or MS/MS. There are numerous protocols for the gener- 
ation of peptide fragments from gel-separated proteins. 
They can be grouped into two categories, digestion in 
the gel slice [28, 34] or digestion after electrotransfer out 
of the gel onto a suitable membrane Q29, 35-37] and 
reviewed in (38D. In most instances either technique is 
applicable and yields good results. The analysis of MS or 
N MS/M£ data is an important step in the whole process 
because MS instruments can generate an enormous 
amount of informatioh which cannot easily be managed 
manually. Recently, a number of groups have developed 
software systems dedicated to the use of peptide MS 
and MS/MS spectra for the identification of proteins. 
Proteins are identified by correlating the information 
contained in the MS spectra of protein digests or 
MS/MS spectra of individual peptides with data con- 
tained in DNA or protein sequence databases. 

The systems we are currently using in our laboratory are 
based on the separation of the peptides contained in pro- 
tein digests by narrow bore or capillary liquid chroraatog- 
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ffyvrt 2. Schematic cUifram of a procedure for idcnlificalioo of gel- 
reptrsted proteins. Peptides can cither be separated bj a technique 
rot* u LC or Cfi, or infused as a mixture and sorted io the MS. Data- 
base searching can cither be performed on peptide masses from ao 
MS spectrum, peptide fragment masses from CID spectra of peptides, 
or a combination of both. 



raphy (39, 40) or capillary electrophoresis [41), the anal- 
ysts of the separated peptides by electrospray ioniza- 
tion (ESI) MS/MS, and the correlation of the generated 
peptide, spectra with sequence " databases using the 
SBQUBST program developed at the University of Wash- 
ington (32, 33). The system automatically • performs the 
following operations: a particular peptide ion character- 
ized by its mass-to-cbargo ratio is selected in the MS out 
of ail the peptide ions present in the system at a parti- 
cular time; the selected peptide ion is collided in a colli-, 
rion cell with argon (collision-induced dissociation, 
CID). and the. masses of the resulting fragment ions are 
determined in the second sector of the tandem MS; this 
experimentally determined CID spectrum is then corre- 
lated with the CID spectra predicted from all the pep- 
tides in a sequence database which have essentially the 
same mass as the peptide* selected for CID; this correla-. 
tion matches the isolated peptide with a sequence seg- 
ment in a database and thus identifies the protein from 
which the peptide was derived. There are a number of 
alternative programs which use peptide CID spectra for 
protein identification, but we use the SEQUBST system 
because it is* currently the most highly automated pro- 
gram and has proven to be success Ail, versatile and 
robust 



3 J Protein identification by LC-MS/MS, capillary 
LC-MS/MS and CB-MS/MS 

it has been demonstrated repeatedly that MS has a very 
high intrinsic sensitivity. For' the routine analysis of gel- 
separated proteins at high sensitivity, the most signif* 
icant challenge is the handling of small amounts, of 
sample. The crux of the problem is the extraction and 
transferal of peptide mixtures generated by the digestion 
of low nanogram amounts of protein, from gels ioto the 
MS/MS system without significant loss of sample or 
.introduction of unwanted contaminants. We employ 
three different systems for introducing gel-purified sam- 
ples ioto an MS, depending on the level of sensitivity 



required. As an approximate guideline, for samples con- 
taining tens of picomoles of peptides, LC-MS/MS is 
most appropriate; for samples containing low pteomole 
amounts to high femtomole amounts wo use capillary 
LC-MS/MS: and for samples containing femtorrioles or 
less, C&MS/MS is the method of choice. 

3.3.1 LC-MS/MS 

The coupling of an MS to an HPLC system using a 
0.5 mm diameter or bigger reverse phase (R?) column 
has been described in detail (42 J. This system has several 
advantages if a large number of samples are to be ana* 
lyzed and all are available in sufficient quantity. The 
LC-MS and database searching program can be run in a 
fully automated mode using an autosarapler, thus maxi- 
mizing sample throughput and minimizing the need for 
operator interference. The relatively large column is 
tolerant of high levels of impurities from either gel prep- 
aration or sample matrix. Lastly, if configured with a 
flow-splitter and micro-sprayer 140], analyses can be per- 
formed on a small fraction of the sample (less than 5%) 
while the remainder of the- sample is recovered in very 
pure solvents. This latter feature is particularly useful 
when an orthogonal technique is also used to analyze 
peptide fractions, such as scintillation of ao introduced 
radiolabet, and this data can be correlated with peptides 
identified by CID spectra, 

3 32 Capillary LC-MS 

An increase of sensitivity of approximately tenfold can be 
achievedby using a capillary LC system with a 100 pirn ID 
column rather than a 0 J mm ID column as referred to 
above. Since very low flow rates, are required for such 
columns, most reports have used a pre column flow split- 
ting system for producing solvent .gradients.. We have 
recently desribed the design and construction of a novel 
gradient mixing system which enables. the formation 
of reproducible gradients at very low flow rates . (low 
nL/min) without the need for flow splitting (A. Ducret " 
it a/., submitted for publication). Using this capillary 
LC-MS/MS system we were able to Identify gel-separat- 
ed proteins if tow picomole to high femtomole amounts 
were loaded onto the gel (40). Ibis system is as yet not 
automated and, like ail capillary LC systems, is prone to 
blockage of the columns by microparticulates when ana- 
lyzing gel-separated proteins. 

333 CE-MS/MS 
• 

The highest level of sensitivity for analyzing getaep- 
arated proteins can be achieved by using capillary elec- 
trophoresis mass spectrometry (CB-MS). .We have de- 
scribed in the past a solid-phase extraction capillary elec- 
trophoresis (SPE-CE) system which was used with triple 
quadrupole and ion trap BSI-MS/MS systems for the 
identification of proteins at the low femtomole to sub- 
. femtomole sensitivity level (43, 44). While this system is 
highly sensitive, its operation is labor-intensive and its 
operation has not been automated. In order to devise an 
analytical system with both the sensitivity of a CB and 
the level of automation of LC, we hove constructed 
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microfabricated devices Tor the introduction of samples 
into BSI-MS for high-sensitivity peptide analysis. 

The basic device is a piece of glass into which channels 
of 10-30 urn in depth and 50-70 \w in diameter are 
etched by using photolithography/etching techniques 
similar to the ones used in the semiconductor industry. 
(A simple device is shown in Fig. 3). The channels are 
connected to an external high voltage power supply (45]. 
Samples are manipulated on the device and off the 
device to the MS by applying different potentials to the 
reservoirs. This creates a solvent flow hy electroosmotic 
pumping which can be redirected hy changing the posi- 
tion of the electrode. Therefore, without the need for 
valves or gates and without any external pumping, the 
flow can be redirected by simply switching the position 
of the electrodes on the devico'.'Tho direction and rate of 
the flow can be modulated by the size and the polarity 
of the electric field applied and also by the charge state 
of the surface. 

The type of data generated by the system is illustrated in 
Pig. 4, which shows the'mass spectrum of a peptide sample 
representing the tryptlc digest of carbonic anhydrase at 
290 fmol/uL Bach numbered peak indicates a peptide suc- 
cessfully identified as being derived from carbonic an* 



flturt J. Schematic Illustration or i. 
mlcrofebrlcated analytical system for CE, 
consisting of a micromathlned device, 
coated capUlur electroosmotic pump, 
tad oucroeJectrospray Interface. Tbo 
dimensions of the channel! and reservoir 
are as Indicated to the text. The channel! 
on the device were graphically enhanced 
to make them more visible, Reproduced 
from |451 with permission. 



hydrase. Some of the unassigned signals maybe chemical 
or peptide contaminants. The MS is programmed to auto- 
matically select each peak and subject the peptide to CID. 
The resulting CID spectra are then used. to identify the 
protein by correlation with sequence databases. Therefore, 
this system allows us to concurrently apply a number of 
protein digests onto the device, to sequentially mobilize 
the samples, to automatically generate CID spectra of 
selected peptide ions and to search sequence databases 
for protein identification. These steps are performed auto- 
matically without the need for user input and proteins can 
be Identified at very low femtomole level sensitivity at a 
rate of approximately one protein per .15 min. . 

3.4 Assessment of 2-DE-MS proteome technology 

Using a combination of the analytical techniques de- 
scribed above we have identified, the 80 protein spots 
indicated in Pig. 5. The protein pattern was generated by 
separating a total of 40 microgram of protein contained 
in a total ceil lysate of the yeast strain YPH4 99 by high 
resolution 2-DB and silver staining of the separated pro- 
teins, lb estimate how far this type of proteome analysis 
can penetrate towards the identification of low abun- 
dance proteins, we have calculated the codon bias of the 
genes encoding the respective proteins. Codonblas is a 




Fig* ft MS spectrum of* tryptie digest 
of carbonic enhjrdrese urins the microti* 
bricated syitem shown to Ft*. 3. 290 ' 
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direst wis infused into s Ftonif&n LCQ 
ion trap MS. Bach peak was selected for . 
CID. and those which were Identified as 
containing peptides derived from cu* 
bonic anhydrase are numbered. Repro- 
duced from |4Sfc with permission. * 
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calculated. measure of the degree of redundancy of trip- 
, let DNA codons used to produce each amino acid in a 
particular gene- sequence. It has been shown to be a 
useful indicator of die level of the protein product of a 
particular gene sequence present in* a cell [46). The gen- 
. era! rule which applies is that the higher the value of the 
codon bias calculated for a gene, the more abundant the 
protein product of that gene becomes. The calculated 
codon. bias values corresponding to the proteins identi- 
fied in Fig. 5 are shown in Pig. 6b. Nearly all of the pro- 
teins identified (> 95%) have codon bias values of > 0.2, 
indicating they are highly abundant in cells. In contrast, 
codon bias values calculated for the entire yeasl genome 
(Pig. 6a) show that the majority of proteins present in 
the proteome have a codon bias of < 0.2 and are thus of 
(ow abundance. 

This finding is of considerable importance in our assess- 
ment of the current status of proteome analysis technol- 
ogy. It is clear that even using highly. sensitive analytical 
techniques,. we are only able to visualize and identify the 



more abundant proteins. Since many important regula- 
tory proteins are present only at low abundance, these 
would not be amenable to analysis using such tech- 
niques. This situation would be exacerbated in the anal- 
ysis of proteomes containing many more proteins than 
the approximately 6006 gene products' present in yeast 
cells (16]. In the analysis of, for example, the proteome 
of any human- cells \ there are potentially SO 000-1 00 000 
gene products [47). Inherent limitations on the amount 
of protein that can be loaded on 2-DB, and the number 
of components that can be resolved, indicate that only 
the most highly* abundant fraction of the many gene 
products could be successfully analyzed. One approach 
that has been employed to circumvent these limitations 
is the use of very narrow range immobilized pH gradient 
strips for the first-dimension separation of 2-DB [48|. 
Since only those proteins which focus within the narrow 
range will enter the second dimension of separation, a 
much higher sample loading within the desired tinge is 
possible. This, in turn, cad lead to the visualization and 
identification "of less abundant proteins. 
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4 Utility of proteome analysis for biological 
research 

For the success of proteomics as si. mainstream approach 
to the analysis of biological systems it is essential to 
define how proteome analysis and biological research 
projects intersect Without a clear plan for the implemen- 
tation of proteome-typo approaches into biological re- 
search projects the full impact of the technology can not 
be realized The literature indicates that proteome anal- 
ysis is used both as a database/data archive, and as a bio- 
logical assay or biological research tool. 

'4.1 The proteome as a database 

The use of proteomics as a database or data archive 
essentially entails an attempt to identify all the proteins 
in a cell or species and to annotate each protein with the 
known biological information that is relevant for each 
protein. The level of annotation can, of course, be exten- 
sive. The most common implementation of this idea is 
* the separation of proteins ; by high resolution 2-DB, the 
identification of each detected protein spot and ' the 
annotation of the protein spots in a 2-DB gel database 
format. This approach is complicated by the fact that it is 
difficult to precisely define a proteome and to decide 
which proteome should be represented in the database. 
In contrast to the genome of a species, which is essen- 
tially static, the proteome is highly dynamic. Processes 
such as differentiation, cell activation and disease can all 
significantly change the proteome of a species. This is 
illustrated in Fig. 7. The figure shows two high-resolu- 



tion 2-DB maps of proteins isolated from rat serum. 
Fig. 7A is from the serum of normal rats, while Fig. 7B 
is from the serum of rats in acute-phase serum after 
prior treatment .with an tnilammatton-causing agent (49). 
It is obvious that the protein patterns are- significantly 
different in several areas; raising the- question of exactly 
which proteome is being described. 

Therefore, a comprehensive proteome database of a spe- 
cies or cell type needs to contain all of the parameters 
which describe the state and the type of the cells from 
which the proteins were extracted as well as the software 
tools to search the database with queries which reflect 
the dynamics of biological systems. A comprehensive 
proteome database should be capable of quantitatively 
describing the fate of each protein if specific systeo* 
and pathways are activated in the cell. Specifically, the 
quantity, the degree of modification, the subcellular loca- 
tion and the nature- of molecules specifically interacting 
with a protein as well as the rate of change of these 
variables should be described. Using these admittedly 
stringent criteria, there Is currently no comlete proteome 
database. A number of such databases are, however, in 
the process of being constructed. The most, advanced 
among them, in our opinion, are the yeast protein data- 
base YPD (50) (accessible at http://wwworpd.com) and 
the human 2D-PAOE databases of the Danish Centre 
for Human Genome Research (12] (accessible at httpy/ 
biobase.dk/cgi-bin/celjs). While neither can be con- 
sidered complete as not all of the potential gene pro* 
ducts are identified, both, contain extensive annotation 
of supplemental information for many of the spots 
which are positively identified in reference samples. v 

4-2 The proteome as a biological assay 

the use of proteome analysis as a biological assay or 
research tool represents an alternative approach to into* 
grating biology with proteomics. lb investigate the state 
of a system, samples are subjected to a specific proceess 
that allows the quantitative or qualitative-measurement 
of some of the variables which describe the system.' In 
typical biochemical assays one variable (&g., enzyme 
activity) of a single component (*g./a particular en- 
zyme) is measured. Using proteomics as an assay, mul- 
tiple variables (e\g., expression level, rate of synthesis, 
phosphorylation state, etc.) are measured concurrently 
on many (ideally all) of (he proteins In a sample. The 
use of proteomics as an assay is a less tar-reaching prop- 
osition than the construction of a comprehensive pro- 
teome database. It does, however, represent a pragmatic 
approach which can be adapted to investigate specific 
systems and pathways, as long as the interpretation of 
the results tales into account that with current technol- 
ogy not all of the variables which describe the. system 
can be observed (see Section 3.4). 

A common implementation of proteome analysis as. a 
biological assay is when a 2-DE protein pattern gener- . 
ated from the analysis of an experimental sample is 
compared to an array of reference patterns representing 
different states of the system , under investigation. The 
state of the experimental system at the time the sample 
was generated is therefore determined by the quantita- 
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live comparative analysis of hundreds to a few thousand 
proteins. Comparative analysis of the 2-DE patterns fur- 
tbenndre highlights quantitative and qualitative differ* 
ences in the protein profiles which correlate with the 
state of the system. For this type of analysis it is not 
essential' that all. the proteins are identified or even visu- 



alised, although the results become more informative' as 
more proteins are compared. It is obvious, however, that 
the possibility to identify any protein deemed character- 
istic for a particular state dramatically enhances (his 
approach by opening up new avenues for experimenta- 
tion, 




Fliort 7. High rcjoluUon 2-DB map of protein i boUiep* from rs( serum with or without prior exposure loan lofUm- 
mallon-causlng agent. (A) oormil ret serum, (B) icute-p base tenia from at* which bed previously beeo exposed to 
•n loflanunitlon-cauiUg agent. The first dimension of separation Is on IPO from pH t-10, tad the second dimen- 
rlon (s e 7.5-U.5%T gradient SDS PAOB gel. Proteins were visotliud 6y staining with amido black. PUither details 
of expeitmecU) procedures are Included In (14, 49). 
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Proteorae analysis as a biological assay has beta success- 
fully used in (be field , of toxicology, to characterize 
disease states or to study differential activation of cells. 
The approach is limited, of course, by the fact that only 
the visible protein spots are included in the assaR and it 
is well known that a substantial but far from complete 
fraction of cellular proteins are detected if a total cell 
lysate is separated by 2-DB. Proteins may not be 
detected in 2-DB gels because they are not abundant 
enough to be visualized by the detection method used, 
because they do not migrate within the .boundaries (size, 
pi) resolved by the gel, because they are not soluble 
under the conditions used, or for other reasons. 

A different way to use proteorae analysis as a biological 
assay to define the state of a biological system Is to take 
advantage of the wealth of information' contained in 
2-DE protein patterns. 2-DE is referred to as two-dimen- 
sional because of the electro pboretic mobility and the 
isoelectric points which define the position of each pro- 
tein in a 2-DB pattern. In addition to the two dimen- 
sions used to generate the protein patterns, a number of 
additional data dimensions are contained in the protein 
patterns. Some of these dimensions such as protein 
expression level, phosphorylation state, subcellular loca- 
tion, association with other proteins, rate of synthesis or 
degradation indicate the activity state of a protein or a 
biological system. Comparative analysis of 2-DB protein 
patterns representing different states is therefore ideally 
suited for the detection, identification and analysis of 
suitable jnarters. Once again it must be emphasized that 
in this type of experiment only a fraction of the cellular 
proteins is analyzed. Since many regulatory proteins are 
of low abundance, this limitation is a concern, particu- 
larly in cases in which regulatory pathways are being 
investigated. 

5 Concluding remarks 

In this report we have addressed three main issues 
related to proteome analysis. First, we have discussed 
the rationale for studying proteomes. Second, we have 
assessed the technical feasibility of analyzing proteomes 
and described current proteome technology, and third, 
we have analyzed the utility of proteome analysis for bio- 
logical research. It is apparent that proteome analysis is 
an essential tool in the analysis of biological systems. 
The multi-level control of protein synthesis and degrada- 
tion in cells means that only the direct analysis of 
mature protein products can reveal their correct identi- 
ties, their relevant state of modification and/or associa- 
tion and their amounts.. Recently developed methods 
have enabled the identification of proteins at ever- 
increasing sensitivity levels and at a high level of auto- 
mation of the analytical' processes. A number of tech- 
nical challenges, however; remain. While it is currently 
possible to identity essentially any protein spots that can 
be visualized by common staining -methods, it is ap- 
parent that without prior enrichment only a relatively 
small and highly selected population of long-lived, 
highly expressed proteins is observed. There are many 
more proteins in a given cell which are not visualized by 
such methods. Frequently it is the .low abundance pro- 
teins that execute key regulatory functions. 



We have outlined the two principal ways proteo me anal- 
ysis is currently being used to intersect with biological 
research projects: the proteome as -a database or data 
archive and proteome analysis as a biological assay. Both 
approaches have in common that at present they are con- 
ceptually and technically limited. Current proteome data- 
bases, typically are limited to one cell type and one state 
of a cell and therefore do not account for the dynamics 
of biological systems. The use of proteome analysis as a 
biological assay can provide a wealth of information, but 
it is limited to the proteins delected and is therefore not 
truly pcoteome-wide. These limitations in proteo rnics are 
to a large extent a reflection of the fact that proteins in 
their fully processed form cannot easily be amplified and 
are therefore difficult to isolate in amounts sufficlenUbr 
analysis or experimentation. The fact that to dategno 
complete proteome has been described further attests to 
these difficulties. With continued rapid progress in pro- 
tein analysis technology, however, we anticipate that the 
goal of complete proteome analysis will eventually 
become attainable. 

We would like to acknowledge the funding for our work 
from the National Science Foundation Science and Technol- 
ogy Center for Molecutar Biotechnology and from the NIH: 
We thank Yvan Rodton and Bob Franza for providing the 
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Discordant Protein and mRNA Expression in 
Lung Adenocarcinomas* 

Guoan Cher*, Tarc^ TavlorS 
Mark B. Orringer*, Samir M. HanashU, and David Q. Beer* ** lanneiioni*, 



The relationship between gene expression measured at 
the mRNA lovel and the corresponding protein level Is not 
well characterized In human cancer. In this study, we 
compared mRNA and protein expression for a cohort of 
genes In the same lung adenocarcinomas. The abun- 
dance of 163 protein spots representing 98 Individual 
genes was analyzed In 76 lung adenocarcinomas and nine 
non-neoplastic lung tissues using two-dimensional poly- 
acrylamlde gel electrophoresis. Specific polypeptides 
were Identified using matrix-assisted laser deaorptJonV 
Ionization mass spectrometry. For the same 85 samples, 
mRNA levels were determined using oligonucleotide ml- 
croarrays, allowing a comparative analysis of mRNA and 
protein expression among the 165 protein spots. Twenty- 
eight of the 165 protein spots (17%) or 21 of 98 genes 
(21.4%) had a statistically significant correlation between 
protein and mRNA expression (r > 0.2445; p < 0.05); 
however, among all 165 proteins the correlation coeffi- 
cient values (r) ranged from -0,467 to 0.442. Correlation 
coefficient values were not related to protein abundance. 
Further, no significant con-elation between mRNA and 
protein expression was found (r = -0.025) If the average 
levels of mRNA or protein among all samples were applied 
across the 165 protein spots (98 genes). The mRNA/ 
protein correlation coefficient also varied among pro- 
teins with multiple Isoforms, Indicating potentially sep- 
arate tsoform-speclflc mechanisms for the regulation of 
protein abundance. Among the 21 genes with a signifi- 
cant correlation between mRNA and protein, five genes 
dWered significantly between stage I and stage III lung 
adenocarcinomas. Using a quantitative analysis of mRNA 
and protein expression within the same lung adenocarci- 
nomas, we showed that only a subset of the proteins 
exhibited a significant correlation with mRNA abundance. 
Molecular & Cellular Proteomlcs 1:304-313, 2002. 



Lung cancer Is the leading cause of cancer death tor both 
men and women In the United States. Adenocarcinomas of 
the lung comprise ~4(W of all new cases of non-small cell 
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lung cancer and are now the most common histologic type. 
Functional genomics, broadly defined as the comprehensive 
analysis of genes and their products, have become a recent 
focus of the life sciences (1). AppBcatlon of these approaches to 
lung adenocarckiomas has the potential to aid In the kfemlflca- 
tlon of high risk patients with resectable early stage lung cancer 
that may benefit from adjuvant therapy, as weO as to Identify 
new therapeutic targets. In human lung cancer, however, little Is 
currently understood regarding the relationship between gene 
expression as determined by measuring mRNA levels and the 
corresponding abundance of the protein products. 

A number of powerful techniques tor analysis of gene ex- 
pression have been used Including cfifferentlal display (2), 
serial analysis of gene expression (3), DNA mlcroarrays (4)] 
and proteomlcs via two-dimensional polyacrylamlde gel elec- 
trophoresis and mass spectrometry (5). Blolnfbrmatics tools 
have also been developed to help determine quantitative 
mRNA/proteln expression profiles of afl types of cells and 
tissues (6) and now can be applied to benign and malignant 
tumors. DNA mlcroarrays (cDNA arid oligonucleotide) permit 
the parallel assessment of thousands of genes and have been 
utilized In gene expression monitoring (7), polymorphism anal- 
ysis (8), and DNA sequencing (9). Recent studies have fo- 
cused on classification or Identification ol subgroups of lung 
tumors using DNA mlcroarrays (10, 11). The use of mRNA 
expression patterns by themselves, however, Is Insufficient for 
understanding the expression of protein products, as addi- 
tional post-trenscrlptlonal mechanisms, Including protein 
translation, post-translatloneJ modification, and degradation 
may Influence the level of a protein present In a given cell or 
tissue. Proteomlc analyses, a complementary technology to 
DNA mlcroarrays for monitoring gene expression, Involves 
protein separation and quantitative assessment of protein 
spots using 2D 1 -PAGE and protein Identification using mass 
spectrometry. By combining proteomlc and transcriptional 
analyses of the same samples, however, It may be possible to 
understand the complex mechanisms Influencing protein ex- 
pression h human cancer. 

In this study, we determined mRNA and protein levels for 
165 proteins (98 genes) In 76 lung adenocarcinomas and nJne 



1 The abbreviations used are: 2D, two-dimensional; MALDI-MS 
matrlx-esslsled laser desorptloMonlzatlon mass spectrometry. 
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Protein and mRNA Correlation in Lung Adenocarcinomas 



Tabu I 

Corrafeffan coefficients of protein and mRNA where 
r\ correlation coefficient value > 05445; p < 0.05. Values In boldface are 



only one spot was present on 2D gals 
Blgrtflcarrtatp<0.05. 



Spot 




Gene name 


r 


1104 


Hs.184510 


SFN 


0-4337 


0994 
1314 


Hs.77840 


ANXA4 


04210 
0*3982 


Hs.10958 


DJ-1 


1454 


Ha.75428 


SOD1 


0*3883 


1638 
0264 


Hs.227751 


LQALS1 


0.3318 


Hs.129548 


HNRPK 


0,3034 


1405 


. Hs.1 11334 


F7L 


0.2849 


0983 


Hs.300711 


ANXA5 




1252 


Hs.4745 


PSMC 


0.2446 


0906 


Hs.234469 


LDHB 


ft AA0f\ 


1171 


H9.241615 


COX11 




1160 


Hs.181013 


PGAM1 


U.2U29 


0750 


H6.74635 


DLD 




1193 


Hb.83383 


AOP372 


0,1932 


0172 


Hs.3069 


riOrnaO 


0.1872 


0777 


Hb.979 


rl/no 


0.1855 


1249 


Ha 228795 




0.1773 


1685 


H3.76136 


TYM 
IAIN 


0.1732 


1205 


Hs.82314 


nrn 1 1 


0.1588 


1230 


Hs.279860 


Iril 


0.1466 


060$ 


Hs 181357 




0.1463 


1358 


Ha 28914 


nrn I 


0.1399 


1410 


Ha 82113 


ni it 


0.1213 


1825 


Hs 112378 


I IMQ1 
LlfVfOl 


0.1213 


0371 


Ha 250502 


WW 


0.1122 


0289 


Ha 82916 




0.1106 


11.43 


Ha. 11465 


QU'I 1 1 nOO 

uo 1 1 Lp^o 


0.0997 


1456 


Hs.1 18638 


IN (VIC | 


0.0932 


1698 
1354 


Hs.278503 


niva 


0.0905 


Hs.89761 


ATP*;n 

rVI rOU 


0.0904 


1445 


Hs.1 55485 




.0.0843 


1479 


Ha.177486 


APP 


0.0748 


0608 


H8.182285 


KRT19 




1071 


Hs.10842 


BAN 




0991 


He.^97939 


CTSB 




0842 


H$,77274 


PLAU 


n noAft 


0623 


H$. 198248 


B4QALT1 


U.U1B3 


0613 


H8.1247 


AP0A4 


n ni7A 


1338 


Hs.104143 


CLTA 


ft ftioo 


0902 


He.5123 


$ID8-306 


U.Ul 1 / 


1688 


He.1473 


GRP 




0265 


Hs.274402 


HSPA1B 


— n nr>Ti 
u.uur i 


1414 


Ha.77641 


ARF5 


-0.0096 


0710 


Hs»97206 


HIP1 


-0.0114 


0532 


Hs.170328 


MSN 


-0.0132 


0525 


Hs.284255 


ALPP 


-0.0148 


0513 


Ha.76901 


PDIR 


-0.0289 


1659 


H3.266697 


HINT 


-0.0312 


1262 


Hs.7016 


RAB7 


-0.0362 


0180 


Hs/184411 


ALB 


-0.0470 


0948 


Hs,2795 


LDHA 


-0.0549 


0502 


Hs.180532 


GPI 


-0.0575 


0152 


Ha.75410 


HSPA5 


-0.0640 


1054 


Hs.74276 


CLIC1 


-0.0686 


0709 


Hs.253495 


SFTPD 


-0.0936 


0867 


Ha.78998 


PCNA 


-0.0982 


0165 


Hs.180414 


HSPA8 


-0.1014 


1109 


Hs.75103 


YWHAZ 


-0.1018 


0137 


Hs.554 


SSA2 


-0.1032 



Protein nam© 



14-3-3 <r 

AnnexInrV 

DJ-1 prote!n/MER5 

Superoxide dlsmutase (Cu-Zn) 

Gatecth 1 

Transformation up-regulated nuclear protein 

Ferritin light chain 

AnftexInV 

26 8 proteasome p26 

Uactate dehydrogenase H chain (U>H-B) 

COX 11 

Phospbogryoerate mutase 
Dlhydrol^oamlde dehydrogenase precursor' 
Antioxidant enzyme AOE372 
GRP76 

Pyruvate dehydrogenase E1-0 aubunH precursor 
Glutathione S-transferase pi (GST-pl) 
Thloradoxln 

HQ phosprwrfbosyttranslorase 
Translatlonalty controlled tumor protein fTCTP) 
LAMB 

Adenine phosphoribosyl transferase 
dUTP pyrophosphatase (dUTPaae) 
Pinch-2 protein 

Carbonic anhydrase-related protein; Syntaxln 
Chaperonln-Iike protein 

Glutathione S-transfeias© homo log (QST homoJoq) 
Nm23 (NDPKA) 
RUG (U32331) 

FFO-type ATP synthase subunll d 
Huntlngth Interacting protein 2 PP2) 
Amyloid B4A 
Cytokeratln 19 

GTP-blndIng nuclear protein RAN(TC4) 
Cathepstn B 

Urokinase plasminogen activator 

P 1,4-gaiactosyl transferase 

Apcllpoproteln A4 (ApoA4) 

Clathrtn Oght chain A 

Cytosofc Inorganic pyrophosphatase 

Preproaastrin-reteaelng peptide 

Heat shockHnduoed protein 

ADP-ribosytatton factor 1 

Huntlngth Interacting protein 1 <HIP1) 

Moe8lrVE 

Alkaline phosphate, placental 

Protein disulfide Isomerase-related protein 6 

Protein kinase C Inhibitor 

Rab 7 protein 

Albumin 

Lactate dehydrogenase-A (LDHA) 



GRP78 

Nuclear chloride channel (RNCC protein) 
Pulmonary surfaotant protein D 
PCNA 

Heat shock oognate protein, 71 kDa 
14-3-3 {/A. 
Ro/s$-A antigen 
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Tabu h-conUnued 



Spot 


Unlgene 


Gene name 


r* 


Protein name 


0278 
1769 
0039 
2611 
1739 
1138 
2533 


Hd.9614 

Ha.74335 

He.153179 

Hs.16488 

Hs.301961 

Hs.77060 


TCP1 

NPM1 

HSPCB 

FABP5 

CALR 

QSTM4 

PSMB6 


-0.1237 
-0,1733 
-0.2049 
-0.2109 
-0.2344 
-0.2433 
-0.2512 


T-compl8x protein I, a subuntt 

B23/humatrln 

Hsp90 

E-FABP/FABP5 
CalreUcuHn 32 

Glutathione S-trSJisferase M4 (GST m4) 
Macropain subuntt A 



non-neoplastic lung tissues. Protein levels were determined 
using quantitative 2D-PAGE analysis, and the separated pro- 
tein polypeptides were Identified using matrix-assisted laser 
desorptlon/lonlzatlon mass spectrometry (MALDI-MS). The 
corresponding mRNA levels for the Identified proteins within 
the same samples were determined, using oligonucleotide 
mlcroarrays. Correlation analyses showed that protein abun- 
dance Is likely a reflection of the transcription for a subset of 
proteins, but translation and post-translatlonal modifications 
also appear to Influence the expression levels of many indi- 
vidual proteins In lung adenocarcinomas. 

EXPERIMENTAL PROCEDURES 

7fesue$-nfy-seven stage 1 and 19 stag© III lung adenocarcino- 
mas, as we* as nine norwieoplastlo lung tissue sampled, were used 
for protein and mRNA analyses. Patient consent was obtained, and 
•the project was approved by the Institutional Review Board All tis- 
sues were obtained after resection et the University of Michigan 
Health System between May 1991 and July 19Q8. Tissues were an 
snap-frozen in Squid nitrogen and then stored at -80 °C. The patients 
Included 46 females and 30 males ranging In age from 40.9 to 84 6 
(average 83.8) years. Most patients (6^76) demonstrated a positive 
smoking history. Sixty-one tumor samples were classified as bron- 
chial-derived, 14 were classified as bronchoaJveolar, and one had 
bom features. Eighteen tumor samples were classified as wefl tfffer- 
entlated. 38 were classified as moderate, and 19 were classified as 
poorly differentiated adenocarcinomas. Hematoxytln-stalned cryostat 
sections (5 pm), prepared from the same tumor pieces to be utilized 
for protein and mRNA Isolation, were evaluated by a pathologist and 
compared with hematoxylin- and eosln-staJned sections made from 
paraffin blocks of the same tumors. Specimens were excluded from 
analysts If they showed unclear or mixed histology (e.g. adenosqua- 
rnous), tumor ceRiriartty less than 70%, potential metastatic origin as 
Indicated by previous tumor history, extensive lymphocytic Infiltration 
or fibrosis or if the patient had received prior chemotherapy or 
radiotherapy. 7 

Oligonucleotide Array Hybrfdfzatlon-The HuGeneFL oligonucleo- 
tide arrays (Affymetrlx, Santa Clara, CA) containing 6800 genes were 
used In this study. Total RNA was Isolated from all samples using 
Trtzol reagent flhvrtrogen). The resulting RNA was then subjected to 
further purification using RNeasy spin columns (QJagen). Preparation 
of cRNA, hybridization, and scanning of the HuGeneFL arrays were 
performed according to the manufacturer's protocol (Affymetrlx 
Santa Clara, CA). Data analysis was performed using GeneChlp 4.0 
software. The gene expression profile of each tumor was normalized 
to the median gene expression profile for the entire sample. Details of 
data trimming and normalization are described elsewhere (11). 

2D-PAQE and Quantitative Protein /Uia^fe-Tlssue for both pro- 
tein and mRNA Isolation came from contiguous areas of each sample 
Protein separation using 2D-PAGE. silver staining, and digitization 



were performed as described previously (12, 13). Our 2D -PAGE sys- 
tem allow* us to run 20 gels at one time (one batch). Spot detection 
and quantittoation were eccompflshed utilizing Bio Image Visage Sys- 
tem software (Blotmaga Corp., Ann Arbor, MO. The Integrated inten- 
sity of each spot was calculated as the measured optical density 
units x mm 2 . Of the total possible 2000 spota detectable on each gel 
820 spots on the gel of each sample were matched using a Ge£ed 
match program wHh the same spots on e chosen "master gel m 
each sample. 250 ubiquitously expressed reference spota were used 
to adjust for variations between gels, such as mat created by subtle 
differences In protein loading or gel staining. Slight differences be- 
cause of batch were corrected after spot-size quantlflcatioa 

Mbss Spectrometry and 2D Western Blotting- Preparative 2D gets 
were run using extracts from A549 lung adenocarcinoma cells (ob- 
tained from ATCC) and using the Identical experimental conditions as 
the analytical 2D gels, except 3096 more protein was loaded. Tne 
resolved protein gels were slhrer-stalned using successive. Incuba- 
tions In 0.02% sodium thlosulfate for 2 rnln, 0.1% silver nitrate for 40 
m n, and 0.014% formaldehyde plus 2% sodium carbonate for 10 
mtnJFor protein Identification, protelnpor/peptldes undsrwent trypsin 
digestion followed by MALDJ-MS using a MALDI-TOF VoyagerTC 
mass spectrometer (Perseptlve Blosystems, Framlngham, MA). The 
rnass^were compared with known trypsin digest databases using 
the MS-FIT database (University of California, San Francbcol 
,K^ U ^ ^^^•^Ansm.htm). Some of the polypep^ 
tides Included In the analysis had been Identified prior to this s^oV on 
the basis of sequencing (14). The Identified protein spots used m this 
paper are shown In Fig. 1A. The method for 20-PAGE Western blot 
vacation was as described previously (15). The 2D Western blots of 

n^oll f2 1 !! 8h0Wn ,n R 9- 1 ' 0 and £ s »" others, such as 
GRP78 6RP75. HSP70. HSC70, KRT8, KRT18, KRT19, vlmentfn, 
W. 14-34, Annexm t f Annexln II, PGP9.6, DJ-1, GST-pl. and 
PQAM. are described elsewhere. 2 

ftamcaJ Ana/ysfc-MfesIng values were replaced with the mean 
value of U^pnMelns^ 

^rmaltee aH protein expression values. The relationship between 
protein and mRNA expression levels within the same samples was 
examined using the Spearman correlation coefficient analysts (16). To 
lo^ntlry potentially significant conelationa between gene and protein 
expression, we used an analytical strategy similar to SAM [stanjfl- 
cance analysis of mtcroairays) (17), which uses a permutation tech- 
nique to determine the significance of changes In gene expression 
between different blologloal states. To obtain permuted correlation 
coefficient between gene and protein expression, genes were ex- 
changed first In such a way that permutated correlation coefficient 

^^ CUfated ***** on pseud0 palr9 <* 9« nes ™f Proteins. The 
Attribution of permutated correlation coefficients became stable after 
60 permutations. This procedure was then repeated 60 times to 
obtain 60 sets of permutated correlation coefficients. For each of the 
60 permutations, the correlations of genes and proteins were ranked 



7 Chen et a/., submitted tor publication. 
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Table fl 



**• correlation c 



I ABLE 11 

Co/refetfon coefficients of prom and mRNA when multiple Isoforms mm present on 2D cab 

MAnltMhM «w A *%AA*. ~ > AAr ». . .... ' 



spot 



1484 



0353 
0865 
1198 
1203 
0523 
1492 
1493 
1181 
0439 
0605 
0593 
1874 
0935 



2324 

1182 

0350 . 

0892 

0361 

0853 

2603 

0381 

0371 

1179 

0762 

0760 

2508 

0772 

0723 

1239 

1237 

1234 



0427 
0424 
0883 
0780 
1527 
1484 
1728 
1712 
0947 
1232 
1229 
1595 
1810 
1459 
1456 
0619 
0615 
1250 
0549 
0338 
0333 
0331 
2381 
0536 



Urtgene 


Gene name 


Hs.81916 


1 APIA 


Hs 77899 


TDX>H 

IrMi 


Hs-289101 


vsrirOQ 


Hs 169476 




Ha 41707 


HSP03 




TDM 

TPI1 




KRT18 


Uq fllQIC 


1 LAP18 


MS, 91915 


LAP18 


r»3./o225 


AN)<A1 


Hs.242463 


KRT8 


HS297763 


VIM 


H8.297753 


VIM 


Ha.75313 


AKR1B1 


Hs.75544 


YWHAH 


H8.78225 


AMXA1 


Hs.65114 


KRT18 


Hs.41707 


HSPB3 


Hs£69101 


GBP68 


H8.75313 


AKR1B1 


H8.75313 


AKR1B1 


H8.76313 


AKR1B1 


Hs.76392 


ALDH1 


Hs.76392 


ALDH1 


Hs.76392 


ALDH1 


Hs.78225 


ANXA1 


Hs.78225 


ANXA1 


Hs.78225 


ANXA1 


H8.217493 


ANXA2 


Hs.217493. 


ANXA2 


Hs.217493 


ANXA2 


H8.93194 


AP0A1 


Hs.93194 


APOA1 


Hs.93194 


AP0A1 


Hs.26 


ATP5B 


Hs.25 


ATP5B 


H8.2o 


ATP5B 


It— «C4AA 

MS. 70106 


ctu 


MS./ 01 06 


ctu 


Uq -t-iO<Af\ 

ris.ny 140 


EIF5A 


n".i 1«# i *} U 


EIF5A 




FABP1 


Ha.5241 


FABP1 


Hs.169476 


QAPD 


Hs.75207 


GLOl 


Hs.75207 


GL01 


Hs.168300 


HAP1 


Hs.75990 


HP 


Ha,75990 


HP 


Hs.75990 


HP 


Hs.75990 


HP 


Hs.75990 


HP 


Hs.41707 


HSPB3 


Hs.79037 


HSPD1 


Hs.79037 


HSPD1 


Hs.79037 


HSPD1 


Hs.79037 


HSPD1 


Hs.65114 


KRT18 


Hs.65114 


KRT18 



Protein name 



0.4003 



0.3802 
0.3693 
0.3668 
0.3395 
0.3335 
0.3234 
0,3164 
a3102 
0.3049 
0J2839 
6.2809 
0*780 
02776 
02612 
04601 
0&558 
02516 
-0.2460 
0.0761 
-0.0875 
-0.0565 
-0.0371 
-0.0680 
0.2052 
-0.0739 
-0.0228 
0.2223 
0.2080 
0,0701 
0.1133 
-0.0373 
-0.0894 
0.0080 
0.0122 
-0.0992 
-0.0483 
-0.0443 
-0.0728 
-0.0376 
-0M916 
-0.0473 
0.1743 
0.2249 
0.0450 
-0.0137 
-0.4672 
0.0802 
-0.0305 
0.0461 
-0.0034 
-0.1024 
0.1074 
0.2265 
0.1383 
0.1603 
0.2016 
0.1106 



OP18($tathmln) 
Tropomyosins 1-6 

Protease dsuinde teomerase (6RP58) 
Glycerakl8hyd8-3i?hosphate dehydrogenase 
Hsp27 

Trfose phosphate isomerase (TPO 

Cytokeratln 18 

OP18(Stalhmlr>) 

OP18(StathmJn) 

Annexln variant I 

Cytokeratln 8 

Vlmenltn 

Vlmentln 

Aldose reductase 

14-3-3 tj 

Annexln I 

Cytokeratln 18 

Hsp27 

PhosphcIIpase C (QRP58) 
Aldose reductase 
Aldose reductase 
Aldose reductase • 
Aldehyde dehydrogenase 
Aldehyde dehydrogenase 
Aldehyde dehydrogenase 
AnrtexJn variant I . 
Annexln I 
Annoxln ! 

Llpocotin {annexln If) 
Upocotln (annexln II) 
Upocotln 

Apollpoproteln A1 (ApoA1) 

Afroflpoproteln A1 CApoA!) 

Apollpoproteln A1 (ApoA1) 

ATP synthase p subunit precursor 

ATP synthase p subunit precursor 

ATP synthase p subunH precursor 

Apollpoproteln J (Apoj) 

Apollpoproteln J (ApoJ) 

ett=-5A 

elF-6A 

L-FABP 

L-FABP 

Gryceraldehyde-3-phosphate dehydrogenase 

QfyoxaJase-l 

GhyoxaJase-1 

Hunttngtln-assoctated protein 1 (neuroan 1) 

crWaptoglobh 

a-Haptogtobfn 

cr-Haptogtobin 

B-haptogtobln 

B-haptog!obh 

Hsp27 

Hsp60 

Hsp60 

HspOO 

Hsp60 

Cytokeratln 18 
Cytokeratln 18 
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r*. correlation 



Spot 



Table to— continued. 

Correfathn coefficients of protein and mRNA where multiple Isofbrms were present on 2D gels 
coefficient value > 0.2445; p < 0,05. Values In boldface are significant at p < OPS. 
Unlgene 



Gene name 



0520 
0528 
0527 
0514 
0461 
0448 
0444 
0443 
1488 
0321 



1063 
0837 
0326 
0322 
0241 
1280 
1278 
0866 
0778 
1213 
1210 
1207 
1204 
1202 
1161 
1052 
1039 
1035 
0783 
1574 
0809 
2202 
1246 
1242 
0606 
0594 
0508 
0419 
1279 



H8.65114 

H$.65114 

H$.65114 

He.65114 

Hs.242463 

Hs.242463 

Hs.242463 

H8.242463 

H3.81915 

Hs.7$656 

Hs.75665 

Hs.75323 

Ha.75323 

Hs.297681 

H8.297881 

Ha.297681 

He.301254 

H8.301254 

Hs.73980 

Hs.73980 

H9.83848 

H9.83848 

H8.83848 

He.83848 

Ha.83848 

He.83848 

H8.77899 

tfa.77899 

H8.77899 

Hs.77809. 

H3.194366 

Hs.194366 

Hs.76118 

Hs.76118 

Hs.76118 

Hs.297753 

H8.207753 

Hs.297753 

Hs.207763 

Hs.75544 



Protein name 



KBT18 

KRT18 

KRT18 

KRT18 

KRT8 

KRT8 

KHT8 

KRT8 

LAP 18 

P4HB 

P4HB 

PHB 

PHB 

SERPINA1 

3ERPINA1 

SERP1NA1 

SFTPA1 

SFTPA1 

TNNT1 

TNNT1 

TPI1 

TPI1 

TPI1 

7PI1 

TPI1 

TPI1 

TPM1 

TPM1 

TPM1 

TFM1 

TTR • 

TTR 

UCHL1 

UCHL1 

UCHL1 

VIM 

VIM 

VIM 

VIM 

YWHAH 



0.1279 
0.0414 
. 0.0436 
0.0733 
-0.0111 
0.0347 
-0.1311 
0.0942 
0.0495 
-0.0546 
-0.0041 
0.0441 
0.1402 
-0.0227 
-0.0277 
-0.0148 
-0.1488 
-0.2040 
0.1162 
0.0740 
0.0024 
0.0490 
-0.1616 
0.0209 
0.0721 
0.2265 
-0.1040 
-0.2399 
-0.3821 
0.0757 
-0.0065 
0.0399 
-0.0220 
-0.1261 
0.1473 
0.0951 
-0.2664 
0.1008 
0.0032 
0.0059 



. Cytokenrtln 18 
Cytokeratln 18 
Cytokeratln 18 
Cytokeratln 18 
Cytokeratln 8 
Cytokeratln 8 
Cytokeratln 8 
Cytokeratln 8 
0P18(Statnmln) 
PDI (prorv-4-OH-B) 
PDI(prory-40H-B) 
Prohfbltln 
ProhfbWn 
<*-1^Antitripeln 
a-T*Antflrtpsln 
a-1-Antltrlpsln 

Pulmonary surfactant-associated protein 
Purmonary surfactant-asaoclated protein 
Troponin T 
Troponin T 

Trtose phosphate isomerase (TP I). 
Trtose phosphate Isomerase (TPI) 
Trtose phosphate Isomerase (TP!) 
Trtose phosphate tsomerase (TPQ 
Trtose phosphate Isomerase (TPI) 
Trtose phosphate Isomerase (TP!) 
Tropomysln clean-product 
CytoskeletaJ tropomyosin 
Tropomyosin 
Tropomyosins 1-5 
Transthyretin 
Transthyretin muftlmere . 

Ublqultln carboxyl-termlnat hydrolase Isozyme L1 
Ublqultln carboxyl-termlnat hydrolase Isozyme L1 
Ublqultln carboxyi-termlnai hydrolase Isozyme L1 
Vlmentln 

VImentln-denVed protein (vld4) 
Vlmentin-dertved protein (vld2) 
Vlmentln-dertved protein (vldl) 
14-3-3 1) 



such that pj\ denotes the fin largest correlation coefficient for pth 
permutation. Hence, the expected correlation coefficient, p^j, was the 
average over the 60 permutations, p&^J™., Pp (/V60. A scatter plot of 
observed correlations W)) versus the expected correlations Is shown m 
Rg. 2D. For this study, we chose threshold* ■» 0.115sothatcorrelatJon 
would be considered significant If absolute value of difference between 
p(0 and pt(l) was greater than the threshold. Twenty-nine Cndudlng one 
. with observed correlation coefficient -0.4672) of 1 65 pairs of gene and 
protein expression were called significant In such criteria, and the 
permuted data generated an average of 5,1 falsely significant pairs of 
gene and protein expression. This provided an estimated false dis- 
covery rate (the percentage of pairs of gene and protein expression 
Identified by chance) for our data set. 

RESULTS 

Correlation of Individual Proteins and mRNA Expression 
within Each Tumor- We have examined quantitatively 165 



protein spots on 20 gels representing 98 genes and com- 
pared protein levels with mRNA levels for a cohort of 85 lung 
adenocarcinomas and normal lung samples. Of the 165 pro- 
tein spots. 69 proteins were represented by only one known 
spot on 2D gels for an Individual gene, whereaa 96 protein 
spots showed multiple protein products from 29 different 
genes. 2D Western blotting verified the proteins Identified by 
mass spectrometry when specific antibodies were available. 
Spearman correlation coefficients of the proteins and their 
associated mRNA for each protein spot were generated using 
all 76 lung adenocarcinomas and nine non-neoplastlc lung 
tissues (see Tables I and II, and see Rgs. 1 and 2). The 
correlation coefficients (r) ranged from -0.467 to 0.442 (Fig. 
2D). A total of 28 protein spots (21 genes) were found to have 
a statistically significant correlation between expression of 
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Fig. 1. A y digital Image of a eflver-stalned 2D-PAGE separation of a staaa I tuna adenocarcinoma f^wi™ >A . . 

Indicated by the ttacfr- arrows. 0, the outlined areas of A showing protein GRP5$. C, 2D Western blot oTG^T«m £ I^KftS 



their protein and mRNA (r > 0.2445; p < 0.05). This accounts 
for 17% (28/165) of the 155 protein spots. Among the 69 
genes for which only a single protein spot was known (Table 
I), nine genes (9/60, 13%) were observed to show a statisti- 
cally significant relationship between protein and mRNA 
abundance (r > 0.2445; p < 0.05). The proteins whose ex* 
presslon levels were correlated with their mRNA abundance 
Included those Involved In signal transduction, carbohydrate 
metabolism, apoptosls, protein post-translatlonal modifica- 
tion, structural proteins, and heat shock proteins (Table III). 

Individual Isofbrms of the Same Protein Have Different 
Proteln/mPNA Correlation Coefficients— Oi the 165 protein 
spots, 86 represent protein products of 29 genes with at least 
two Isoforrns. Among these 96 protein spots, 19 (19/96 pro- 
teln spots, 20%) showed a statistically significant correlation 
between their protein and mRNA expression (r > 0.2445; p < 
0.05) (Table II) and represented 12 genes (12/29, 41%). Individ- 
ual fsoforms of the same protein demonstrated, different 
protelrvmRNA correlation coefficients. For example, 2D-PAGE/ 
Western analysis revealed four rsoforms of OP18 differing In 
regards to Isoelectric point but similar in molecular weight. 
Three of the four Isoforrns (spots 1492. 1493. and 1494) showed 
a statistically significant correlation between their protein and 
mRNA abundance (r = 0.3234, 0.3154, and 0.4003, respective- 
ly). The forth Isoform (spot 1488) showed no correlation be- 



tween protein and mRNA expression (r = 0.0495). Similarly, just 
one of iftve quantified Isoforrns of cytokeratln 8 (spot 439) dem- 
onstrated a statistically significant correlation between protein 
and mRNA abundance (r « 0.3049; p < 0.05) (Table II). 

In addition to differences In the relationship between mRNA 
levels and protein expression among separate Isoforrns, some 
genes with very comparable mRNA levels showed a 24-fold 
difference in their protein expression. Genes with comparable 
protein expression levels also showed up to a 28-fold vari- 
ance In their mRNA levels. 

Lac* of Correlation for mRNA and Protein Expression when 
Using Average Tumor Values across All 165 Protein Spots (98 
Genes>-The relationship between mRNA and protein expres- 
sion was also examined by using the average expression 
values for all samples. To analyze this relationship using this 
approach, the average value for each protein or mRNA was 
generated using afl 85 lung tissue samples. The range of ' 
normalized average protein values ranged from -0.0646 to 
0.0979 (raw value 0.0036 to 4.1947), and the range for mRNA 
was from 0 to 1 5260:5 for all 1 65 individual protein spots. The 
Spearman correlation coefficient for the whole data set (166 
protein spots/98 genes) was -0.025 (Fig. 3>\). Even for the 28 
protein spots (Fig. 2D) that were found to have a statistically 
significant correlation between their mRNA and protein, use of 
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the average value resulted In a correlation coefficient value of 
-0.035, which was not significant (Fig. 38). 

Lack of a Relationship between Protefn/mRNA Correlation 
Coefficients and Average Protein Abundance-To determine 
whether an absolute protein level might Influence the corre- 
lation with mRNA, the mean value of each protein (relative 
abundance) and the Spearman protelrvmRNA correlation co- 
efficients among all 85 samples were examined. No relation- 
ship between the protein abundance and the correlation co- 
efficients was observed (r = 0.039; p > 0.05). A detailed 
analysis of separate subsets of proteins with differing levels of 
abundance (less than -0.0014, larger than -0.0014, or larger 
than 0.0077) also showed a lack of correlat) on between mRNA 
and protein expression among the 83 (50%), 82 (50%), and 41 
(25%) of 165 total protein spots, respectively (r = 0.016, 0 08 
and 0.172, respectively). 

Stage-related Changes In the Proteln/mRNA Correlation 
Coefficlents^To determine whether the 21 genes (28 protein 
spots) showing a significant correlation between the protein 
and mRNA expression among all samples demonstrate 
changes in this relationship during tumor progression, the 
correlations were examined separately for stage I (n = 57) and 



stage III (n = 19) lung adenocarcinomas (Table III). Ihe num- 
ber of nonneoplastic lung samples (n » 9) was Insufficient for 
a separate correlation analysis of this group. Many of the * 
protein spots represent one of several known protein boforms 
for a given gene. The majority of genes (16/21 ) did not differ In 
the proteln/mRNA correlation between stage I and stage Hi 
tumors Indicating a similar regulatory relationship between the 
mRNA and protein spot. GRP-5B. PSMC, SODj, 7PI1, and 
VIM, however, were found to demonstrate significant differ- 
ences In the correlation coefficients between stage I and 
stage ill lung adenocarcinomas. For GRP-58, PSMC, and VIM 
the change In the correlation coefficient was because of a 
relative Increase in protein expression in stage 111 tumors. For 
SOD and TP! the change resulted from a relative decrease In 
expression of this specific protein in stage til tumors. 

DISCUSSION 

Relatively little Is known about the regulatory mechanisms 
controlling the complex patterns of protein abundance and 
post-translatlonal modification In tumors. Most reports con- 
cerning the regulation of protein translation have focused on 
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r, correlation coefficient Values 



Spot 



Gen© name 



Table til 

Stage-dependent analysts of protetn-mRNA correlation coefficients 
to boldface Indicate a significant difference between stage I and stage III. 



rptageQ r(Stageffl) 



1874 
#24 
0994 
0983 
. 1314 
1405 
0855 
0350 
0264 
1192 
0523 
0430 
1492 
1638 
1252 
1104 
1454 
1203 
0957 
0593 
0935 



AKR1&1 

ANXA1 

ANXA4 

ANXA6 

DJ-1 

FTL 

QAPD 

QRP58 

HNRPK 

HSPB3 

KRT18 

KRT8 

LAPIS 

LQALS1 

PSMC 

SFN 

SOD1 

TPI1 

TPM1 

VIM 

YWHAH 



Function 



0.269 
0.184 
0.880 

- 0.241 
0.383 
0.128 
0.243 
0.327 
0.360 
0.457 
0,115 
0.323 
0.483 
0.200 
0.263 
0.465 
0.352 
0.378 
0,475 

-0.054 
0.283 



0,108 
0.572 
0.302 
0.390 
0.354 
0.358 
0.681 
-0,087 
0.243 
0.833 
0.371 
0.438 
0.663 
0.628 
0.060 
0.475 
0.079 
0.009 
0.225 
0.555 
0.210 



Carbohydrate metabolism; electron transporter 
Phoephollpase Inhibitor; signal transduction 
PhosphoDpaae Inhibitor 

Phoephoflpase Inhibitor; calcium binding; phospholipid binding 
Signal transduction 
Iron storage protein 

Carbohydrate metabolism (glycolysis regulation) 
Signal transduction; protein disulfide teomeraae 
RNArblndfng protein (RNA processlngymodlflcatlon) 
Heat shock protein 
Structural protein 
Structural protein 

Signal transduction; cell growth and maintenance 
Apoptosls; ceB adhesion; cell size control 
Protein degradation 

Signal transduction {protein kinase C Inhibitor) 

Oxktereductase 

Carbohydrate metabolism 

Structural protein (muscle); control of heart 

Structural protein 

Signal transduction 



one or several protein products (18). Cells ef el, (19) found a 
good correlation between transcript and protein levels among 
40 well resolved, abundant proteins using a proteomlc and 
mlcroarray study of bladder cancer. By comparing the mRNA 
and protein expression levels within the same tumor samples, 
we found that 17% (28/185) of the protein spots (21/98 genes) 
show a statistically significant correlation between mRNA and 
protein. These proteins appear to represent a diverse group of 
gene products and Include those Involved In signal transduc- 
tion, carbohydrate metabolism, protein mortification, ceB struc- 
ture, heat shock, and apoptosls. These results suggest that 
expression of this subset of 1 65 proteins Is likely to be regulated 
at the transcriptional level In these tissues. The majority of the 
protein teoforrns, however, did not correlate with mRNA levels, 
and thus their expression Is regulated by other mechanisms. We 
also observed a subset of proteins that demonstrated a nega- 
tive correlation with the mRNA expression values; for example 
a-haptoglobh demonstrated a strong negative correlation with 
Its mRNA expression values. This may reflect negative feedback 
on the mRNA or the protein or the presence of other regulatory 
Influences that are not understood currently. 

Post-translatlonal modification or processing wfll result In 
Individual protein products, of the same gene migrating to 
different locations on 2D-PAGE gels (20). Because the Identity 
of all possible teoforrns for each protein examined has not 
been characterized completely, this may Influence the corre- 
lation analyses performed In this study. This Is partly because 
of limitations of the 2D-PAGE and mass spectrometry tech- 
nologies (21, 22). Potential Inconsistencies between mRNA 
and protein correlations that have been reported may also be 
because of differences, even In the same gene, In the mech- 



anisms of protein translation among, different ceils or as 
measured In different laboratories (23). 

In this study, we examined 165 protein spots Identified In 
lung adenocarcinomas. Nlnety-sbc protein spots, representing 
the products of 29 genes, contained at least two protein 
teoforrns. Nineteen of 96 protein spots, representing 12 
genes, were shown to have a statistically significant correla- 
tion between their protein and mRNA expression, suggesting 
that the levels of these proteins reflects the transcription of the 
corresponding genes. Differences In protein/mRNA correlations 
were found among the Individual teoforrns of a given protein. For 
example, of the four OP18 teoforrns, three showed a statisticafly 
significant correlation between the protein and mRNA expres- 
sion levels. The lack of relationship for the one Isoform, how- 
ever, indicates that Individual protein Isoforms of the same gene 
product can be regulated differentially. This b not unexpected 
and likely reflects other post-translatlonaJ mechanisms that can 
Influence Isoform abundance in tissues and cancer. 

In addmon to the analyses of the correlation of mRNA/ 
protein within the same tumor samples, we also tested the 
global relationship between mRNA and the corresponding 
protein abundance across all 165 protein spots In the lung 
samples. A protein and mRNA average value for each gene 
was generated using all 85 lung tissues samples. We ob- 
served a very wide range of normalized average protein and 
mRNA values. The correlation coefficient generated using this 
average value data set was -0.025, and even for the 28 
protein spots that showed a statistically significant correlation 
between Individual mRNA and proteins, the correlation value 
was only -0.035. This suggests that it Is not possible to 
predict overall protein expression levels based on average 
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Ra.3. The overaB correlation of 
mRNA end protetn levels serosa elf 
165 protein spots (4) and across 28 
protein spots that contained Individ- 
ual r values larger than 0.244 (?) are 
shown. Each pioteln or mRNA mean 
value was calculated based on aO 76 
lung adenocai^mas and nine non- 
neoplastic lung samples using quantita- 
tive 2D-PAGE and AfTymetrtx ofigonu- 
cleotlde rrricroarrays. The Spearman 
correlation coefficients tor the two data 
sets (A and fi|) were -0.025 and -0.035, 
respectively. Indicating, a lack of correla- 
tion If mean values for mRNA and protein 
for all samples Is used 




Br^prrelatioh o/jwtem an« mRNA 




c«L&p : 4rSSof $m Stub 



mRNA mam value: 



mRNA abundance In lung cancer samples. Thb conclusion is 
also supported by previous results from Anderson and Sell- 
hamer (24), who examined 1 9 genes in human liver cells, and 
by Gygl ef el. (25), who examined 106 genes In yeast Both 
studies found a lack of correlation between mRNA and protein 
expression when average or overall levels were used. 

A good correlation was reported when the 11 most abun- 
dant proteins were examined in yeast (25), suggesting that the 
level of protein abundance may be a factor that may Influence 
the correlation between mRNA and protein. In the present 
study, a fairly wide range of mean protein values among 165 
protein spots in lung adenocarcinomas was observed, and 
the correlation coefficients also varied from -0.467 to 0.442. 



A comparison between the mean value of each protein and 
the correlation coefficient generated using all 85 tissue sam- 
ples did not reveal a strong relationship between the overall 
protein abundance and the correlation coefficients (r = 0039- 
p > 0.05). Detailed analysis of different subsets of protein abun ' 
dance also failed to show a correlation between mRNA and 
protein expression. Thus In contrast to yeast, a relationship 
between mRNA/protetn correlation coefficient and protein 
abundance In human lung adenocarcinomas was not observed 
The results of this study Indicate that the level of protein 
abundance In lung adenocarcinomas is associated with the 
corresponding levels of mRNA In 17% (28 proteins) of the 
total 165 protein spots examined. This was substantially 
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higher than the amount predicted to result by chance alone 
(which was 5.1) and suggests that a transcriptional mecha- 
nism BkeJy underlies the abundance of these proteins In lung 
adenocarcinomas. We also demonstrate that the expression 
of Individual isoforms of the same protein may or rtiay not 
correlate with the mRNA, Indicating that separate and likely 
post-translatlonal mechanisms account for the regulation of 
isofcrm abundance. These mechanisms may eJso account for 
the dfferencea In the correlation coefficients observed between 
stage I and stage III turners, indicating that specific protein 
feofoirns show regulatory changes during tumor progression. 
Further studies In lung adenocarcinomas will examine the rete- * 
tlonshlp between the expression of hcflvlduaJ protein Isoforms 
and specific dlnlcahpathctoglcaJ features of these tumors, such 
as the presence of angioJyrnphatte Invasion, and nodal or pleu- 
ral surface Involvement The potential to Identify specific protein 
Isofcwms associated with biological behavior In lung adenocar- 
cinomas would be of considerable interest and vy3J add to our 
understandlng of the regulation of gene products by transcrip- 
tional, trans latlonal, and post-translatlonal mechanisms. 
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We have determined the relationship between mRNA and protein expression levels for selected genes 
expressed in the yeast Saccharomyces cerevisiae growing at mid-log phase. The proteins contained in total yeast 
cell rysate were separated by high-resolution two-dimensional (2D) gel electrophoresis. Over 150 protein spots 
were excised and identified by capillary liquid chromatography-tandem mass spectrometry (LC-MS/MS). 
Protein spots were quantified by metabolic labeling and scintillation counting. Corresponding mRNA levels 
were calculated from serial analysis of gene expression (SAGE) frequency tables (V. E. Velculescu, L. Zhang, 
W. Zhou, J. Vogelstein, M. A. Basrai, D. E. Bassett, Jr., P. Hieter, B. Vogelstein, and K. W. Kinzler, Cell 
88:243-251, 1997). We found that the correlation between mRNA and protein levels was insufficient to predict 
protein expression levels from quantitative mRNA data. Indeed, for some genes, while the mRNA levels were 
of the same value the protein levels varied by more than 20-fold. Conversely, invariant steady-state levels of 
certain proteins were observed with respective mRNA transcript levels that varied by as much as 30-fold. 
Another interesting observation is that codon bias is not a predictor of either protein or mRNA levels. Our 
results clearly delineate the technical boundaries of current approaches for quantitative analysis of protein 
expression and reveal that simple deduction from mRNA transcript analysis is insufficient. 



The description of the state of a biological system by the 
quantitative measurement of the system constituents is an es- 
sential but largely unexplored area of biology. With recent 
technical advances including the development -of -differential 
'display-PCR (21), of cDNA microarray and DNA chip tech- 
nology (20, 27), and of serial analysis of gene expression 
(SAGE) (34, 35), it is now feasible to establish global and 
quantitative mRNA expression profiles of cells and tissues in 
species for which the sequence of all the genes is known. 
However, there is emerging evidence which suggests that 
mRNA expression patterns are necessary but are by them- 
selves insufficient for the quantitative description of biological 
systems. This evidence includes discoveries of posttranscrip- 
tional mechanisms controlling the protein translation rate (15), 
the half-lives of specific proteins or mRNAs (33), and the 
intracellular location and molecular association of the protein 
products of expressed genes (32). 

Proteome analysis, defined as the analysis of the protein 
complement expressed by a genome (26), has been suggested 
as an approach to the quantitative description of the state of a 
biological system by the quantitative analysis of protein expres- 
sion profiles (36). Proteome analysis is conceptually attractive 
because of its potential to determine properties of biological 
systems that are not apparent by DNA or mRNA sequence 
analysis alone. Such properties include the quantity of protein 
expression, the subcellular location, the state of modification, 
and the association with ligands, as well as the rate of change 
with time of such properties. In contrast to the genomes of a 
number of microorganisms (for a review, see reference 1 1 ) and 
the transcriptome of Saccharomyces cerevisiae (35). which have 
been entirely determined, no proteome map has been com- 
pleted to date. 

The most common implementation of proteome analysis is 
the combination of two-dimensional gel electrophoresis (2DE) 



* Corresponding author. Muiling address: Department ol Molecular 
Bioiechnology, Box 357730, University of Washington, Seal tie. WA 
98195-7730. Phone: (206) 221-4196. Tax: (206) 685-7301. IE-mail: ruedi 
(<ju.washinglon.edu. 



(isoelectric focusing-sodium dodecyl sulfate [SDS]-poJyacryl- 
amide gel electrophoresis) for the separation and quantitation 
of proteins with analytical methods for their identification. 
2DE permits the separation, visualization, and quantitation of 
thousands of proteins reproducibly on a single gel (18, 24). By 
itself, 2DE is strictly a descriptive technique. The combination 
of 2DE with protein analytical techniques has added the pos- 
sibility of establishing the identities of separated proteins (1, 2) 
and thus, in combination with quantitative mRNA analysis, of 
correlating quantitative protein and mRNA expression mea- 
surements of selected genes. 

The recent introduction of mass spectrometric protein anal- 
ysis techniques has dramatically enhanced the throughput and 
sensitivity of protein identification to a level which now permits" 
the large-scale analysis of proteins separated by 2DE. The 
techniques have reached a level of sensitivity that permits the 
identification of essentially any protein that is detectable in the 
gels by conventional protein staining (9, 29). Current protein 
analytical technology is based on the mass spectrometric gen- 
eration of peptide fragment patterns that are idiotypic for the 
sequence of a protein. Protein identity is established by corre- 
lating such fragment patterns with sequence databases (10, 22, 
37). Sophisticated computer software (8) has automated the 
entire process such that proteins are routinely identified with 
no human interpretation of peptide fragment patterns. 

In this study, we have analyzed the mRNA and protein levels 
of a group of genes expressed in exponentially growing cells of 
the yeast 5. cerevisiae. Protein expression levels were quantified 
by metabolic labeling of the yeast proteins to a steady state, 
followed by 2DE and liquid scintillation counting of the se- 
lected, separated protein species. Separated proteins were 
identified by in-gel tryptic digestion of spots with subsequent 
analysis by microspray liquid chromatography-tandem mass 
spectrometry (LC-MS/MS) and sequence database searching. 
The corresponding mRNA transcript levels were calculated 
from SAGE frequency tables (35). 

This study, for the first time, explores a quantitative com- 
parison of mRNA transcript and protein expression levels for 
a relatively large number of genes expressed in the same met- 
abolic state. The resultant correlation is insufficient for prcdic- 
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FIG. 1. Schematic illustration of proteomc analysis by 2DE and mass spectrometry. In part 1. proteins arc separated by 2DE, stained spots arc excised and subjected 
to in-gel digestion with trypsin, and the resulting peptides are separated by on-line capillary high-performance liquid chromatography. In part II, a peptide is shown 
eluting from the column in part I. The peptide is ionized by electrospray ionization and enters the mass spectrometer. The mass of the ionized peptide is detected, and 
the first quadrupole mass filter allows only the specific mass-to-charge ratio of the selected peptide ion to pass into the collision cell. In the collision cell, the energized, 
ionized peptides collide with neutral argon gas molecules. Fragmentation of the peptide is essentially random hut occurs mainiy at the peptide bonds, resulting in smaller 
peptides of differing lengths (masses). These peptide fragments are detected as a tandem mass (MS/MS) spectrum in the third quadrupole mass filter where two ion 
series arc recorded simultaneously, one each from sequencing inward from the N and C termini of the peptide, respectively. In part 11!, the MS/MS spectrum from the 
selected, ionized peptide is compared to predicted tandem mass spectra computer generated from a sequence database. Provided that the peptide sequence exists in 
the database, the peptide and, by association, the protein from which the peptide was derived can be identified. Unambiguous protein identification is attained in a single 
analysis because multiple peptides arc identified as being derived from the same protein. 



tion of protein levels from mRNA transcript levels. We have 
also compared the relative amounts of protein and mRNA 
with the respective codon bias values for the corresponding 
genes. This comparison indicates that codon bias by itself is 
insufficient to accurately predict either the mRNA or the pro- 
tein expression levels of a gene. In addition, the results dem- 
onstrate that only highly expressed proteins are detectable by 
2DE separation of total cell lysates and that therefore the 
construction of complete protcome maps with current technol- 
ogy will be very challenging, irrespective of the type of organ- 
ism. 

MATERIALS AND METHODS 

Yeast strain and growth conditions. The source of protein and message tran- 
scripts for all experiments was YPH499 (MAT* umJ-52 tys2-S0l aJv2-WJ 
len?-Al his3-&200trp1-&J>3) (30). Logarithmically growing cells were obtained by 
growing yeast cells to early log phase (3 X It)'' cells/ml) in YPD rich medium 
( YPD supplemented with f> mM uracil, 4.8 mM adenine, and 24 mM tryptophan) 
at 31FC (35). Metabolic labeling of protein was accomplished in YPH medium 



exactly as described elsewhere (A) with the exception that 1 ml of cells was 
labeled with 3 mCi to offset methionine present in YPD medium. Protein was 
harvested as described by Garrels and coworkers (12). Harvested protein was 
lyophilizcd, resuspended in isoelectric focusing gel rehydration solution, and 
stored at -80°C. 

2DE. Soluble proteins were run in the first dimension by using a commercial 
flatbed electrophoresis system (Multiphor II; Pharmacia Biotech). Immobilized 
polyacrylamidc gel (IPG) dry strips with nonlinear pH 3.0 to 10.0 gradients 
(Amcrsham-Pharmacia Biotech) were used for the first- dimension separation. 
Forty micrograms of protein from whole-cell lysates was mixed with IPG strip 
rehydration buffer (8 M urea, 2% Nonidet P-40, 10 mM dithiothreitol), and 250 
to 380 ixl of solution was added to individual lanes of an IPG strip rehydration 
tray (Amcrsham-Pharmacia Biotech). The strips were allowed to re hydrate at 
room temperature for I h. The samples were run at 300 V-10 mA-5 W for 2 h, 
then ramped to 3,500 V-10 mA-5 W over a period of 3 h. and then kept at 3.500 
V-10 mA-5 W for 15 to 19 h. At the end of the first-dimension run (60 to 70 k V - 
h), the IPG strips were rccqtii libra led for 8 min in 29?. (wt/vol) dithiothreitol in 
2% (wt/vol) SDS-6 M urca-30% (wt/vol) glyccrol-0.05 M Tris MCI (pi I 6.8) and 
for 4 min in 2.5% iodoaccl amide in 2% (wt/vol) SDS-6 M urca-30% (wt/vol) 
glvccrol-0.05 M Tris HCI (pll 6.8). Following rccquilihration. the strips were 
transferred and apposed to 10% polyacrylamidc second-dimension gels. Poly- 
acrylamidc gels were poured in a casting stand with 10% acrylamidc-2.67 r V 
pipcrazine dbcrytamidc-0.375 M Tris base- HO (pH S.$H».iC'r (wi/vol) SDS-0.05'. V , 
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FIG. 2. 2D silver-stained gel of the proteins in yeast total cell lysate. Proteins were separated in the first dimension (horizontal) by isoelectric focusing and then in 
the second dimension (vertical) by molecular weight sieving. Protein spots (156) were chosen to include the entire range of molecular weights, isoelectric focusing points, 
and staining intensities. Spots were excised, and the corresponding protein was identified by mass spectrometry and database searching. The spots are labeled on the 
gel and correspond to the data presented in Table 1 . Molecular weights arc given in thousands. 



(wt/vol) ammonium pcrsuIfatc-U.05% TEMED (.VAA'A'-tetramethylelhyl- 
enediamine) in Milli-0 water. The apparatus used to run second-dimension gels 
was a noncommercial apparatus from Oxford Glycoscienccs, Inc. Once the IPG 
strips were apposed to the second-dimension gels, they were immediately run at 
50 mA (constant)-500 V-85 W for 20 min, followed by 200 mA (constant )-500 
V-85 W until the buffer front line was 10 to 15 mm from the bottom of the gel. 
Gels were removed and silver stained according to the procedure of Shevchcnko 
el al. (29). 

Protein identification. Gels were exposed to X-ray film overnight, and then the 
silver staining and film were used to excise 156 spots of varying intensities, 
molecular weights, and isoelectric focusing points. In order to increase the 
detection limit by mass spectrometry, spots were cut out and pooled from up to 
four identical cold, silver-stained gels, ln-gcl tryptic digests of pooled spots were 
performed as described previously (29). Tryptic peptides were analyzed by mi- 
crocapillary LC-MS with automated switching to MS/MS mode lor peptide 
fragmentation. Spectra were searched against the composite OWL protein se- 
quence database (version 30.2: 250,514 protein sequences) (24a) by using the 
computer program Scquest (8). which matches theoretical and acquired tandem 
mass spectra. A protein match was determined by comparing the number of 
peptides identified and their respective cross-correlation scores. All protein 
identifications were verified by comparison w'uh theoretical molecular weights 
and isoelectric points. 



inRNA quantitation. Velculescu and coworkers have previously generated 
frequency tables for yeast mRNA transcripts from the same strain grown under 
the same stated conditions as described herein (35). The SAGE technology is 
based on two main principles. First, a short sequence tag (15 bp) that contains 
sufficient information uniquely to identify a transcript is generated. A single lag 
is usually generated from each mRNA transcript in the cell which corresponds to 
15 bp at the 3'-most cutting site for Nla)U. Second, many transcript tags can be 
concatenated into a single molecule and then sequenced, revealing the identity of 
multiple tags simultaneously. Over 20,000 transcripts were sequenced from yeast 
strain YPH499 growing at mid-log phase on glucose. Assuming the previously 
derived estimate of 15,000 mRNA molecules per cell (16), this would represent 
;i 1.3-fold coverage even for mRNA molecules present at a single copy per cell 
and would provide a 72<£- probability of detecting such transcripts. Computer 
software which took for input the gene detected, examined the nucleotide se- 
quence, and performed the calculation as described by Velculescu and coworkers 
(35) was written. In practice, we found that for 21 of 128 (16%) genes examined 
viable mRNA levels from SAGE data could not be calculated. This was because 
(i) no CATG site was found in the open reading frame (ORF). (ii) a CATG site 
was found but the corresponding 10-bp putative SAGE tag was not found in the 
frequency tables, oi (iii) identical putative SAGH tags were present for multiple 
genes (e.g.. TDH2_ YEAST and TDH3_YKAST). 
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TABLE 1. Expressed genes identified from 2D gel in Fig. 2 
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23 
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38 
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° YPD gene names arc available from the YPD website (39). 
6 NA, calculation could not be performed or was not available. 
'mRNA data inconclusive or NA. 

d No methionines in predicted ORF: therefore, protein concentration was not 
determined. 

r Measured molecular weight or pi did not match theoretical molecular weight 
or pi. 



Protein quantitation. | 35 S {methionine- 1 a be led gels were exposed to X-ray film 
overnight, and then the silver stain and film were used to excise 156 spots of 
varying intensities, molecular weights, and pis. The excised spots were placed in 
0.6-ml microcentrifuge lubes, and scintillation cocktail (100 was added. The 
samples were vortexed and counted. In addition, iwo parallel gels were electro- 
blotted to polyvinylidcnc difluoridc membranes. The membranes were exposed 
to X-ray film, and four intense single spots were excised from each membrane 
and subjected to amino acid analysis. For these four spots, a mean of 209 ± 4 
cpm/pmol of protein/methioninc was found. This number was used to quantitatc 
all remaining spots in conjunction with the number of methionines present in the 
protein. 

To ensure that proteins were labeled to equilibrium, parallel 2D gels were 
prepared and run on yeast metaholically labeled for 1, 2, 6, or 18 h. The 
corresponding 156 spots were excised from each gel, and radioactivity was mea- 
sured by liquid scintillation counting for each spot. Calculated protein levels were 
highly reproducible for all time points measured after 1 h. 

Calculation of codon bias and predicted half-life. Codon bias values were 
extracted from the YPD spreadsheet (17). Protein half-lives were calculated 
based on the N-cnd rule (33). When the N-tcrminal processing was not known 
experimentally, it was predicted based on the afhnity of methionine aminopep- 
tidasc (31). 

RESULTS 

Characteristics of proteome approach. Nearly every facet of 
proteome analysis hinges on the unambiguous identification of 
large numbers of expressed proteins in cells. Several tech- 
niques have been described previously for the identification of 
proteins separated by 2DE, including N-terminal and internal 
sequencing (]. 2), amino acid analysis (38), and more recently 
mass spectrometry (25). We utilized techniques based on mass 
spectrometry because they afford the highest levels of sensitiv- 
ity and provide unambiguous identification. The specific pro- 
cedure used is schematically illustrated in Fig. I and is based 
on three principles. First, proteins are removed from the gel by 



proteolytic in-gel digestion, and the resulting peptides are sep- 
arated by on-line capillary high-performance liquid chromatog- 
raphy. Second, the eluting peptides are ionized and detected, and 
the specific peptide ions are selected and fragmented by the 
mass spectrometer. To achieve this, the mass spectrometer 
switches between the MS mode (for peptide mass identifica- 
tion) and the MS/MS mode (for peptide characterization and 
sequencing). Selected peptides are fragmented by a process 
called collision-induced dissociation (CID) to generate a tan- 
dem mass spectrum (MS/MS spectrum) that contains the pep- 
tide sequence information. Third, individual CID mass spectra 
are then compared by computer algorithms to predicted spec- 
tra from a sequence database. This results in the identification 
of the peptide and, by association, the protein(s) in the spot. 
Unambiguous protein identification is attained in a single anal- 
ysis by the detection of multiple peptides derived from the 
same protein. 

Protein identification. Yeast total cell protein fysate (40 u,g), 
metabolically labeled with [ 35 S]methionine, was electro- 
phoreticalry separated by isoelectric focusing in the first dimen- 
sion and by SDS-10% poryacrylamide gel electrophoresis in 
the second dimension. Proteins were visualized by silver stain- 
ing and by autoradiography. Of the more than 1,000 proteins 
visible by silver staining, 156 spots were excised from the gel 
and subjected to in-gel tryptic digestion, and the resulting 
peptides were analyzed and identified by microspray LC- 
MS/MS techniques as described above. The proteins in this 
study were all identified automatically by computer software 
with no human interpretation of mass spectra. They are indi- 
cated in Fig. 2 and detailed in Table 1. 

The CID spectra shown in Fig. 3 indicate that the quality of 
the identification data generated was suitable for unambiguous 
protein identification. The spectra represent the amino acid 
sequences of tryptic peptides NSGDIVNLGSIAGR (Fig. 3A) 
and FAVGAFTDSLR (Fig. 3B). Both peptides were derived 
from protein S57593 (hypothetical protein YMR226C), which 
migrated to spot 114 (molecular weight, 29,156; pi, 6.59) in the 
2D gel in Fig. 2. Five other peptides from the same analysis 
were also computer matched to the same protein sequence. 

Protein and mRNA quantitation. For the 156 genes investi- 
gated, the protein expression levels ranged from 2,200 (PGM2) 
to 863,000 (TDH2/TDH3) copies/cell. The levels of mRNA for 
each of the genes identified were calculated from SAGE fre- 
quency tables (35). These tables contain the mRNA levels for 
4,665 genes in yeast strain YPH499 grown to mid-log phase in 
YPD medium on glucose as a carbon source. In some in- 
stances, the mRNA levels could not be calculated for reasons 
stated in Materials and Methods. Tor the proteins analyzed in 
this study, mean transcript levels varied from 0.7 to 473 copies/ 
cell. 

Selection of the sample population for mRNA-protein ex- 
pression level correlation. The protein spots selected for iden- 
tification were selected from spots visible by silver staining in 
the 2D gel. An attempt was made not to include spots where 
overlap with other spots was readily apparent. The number of 
proteins identified was 156 (Table 1). Some proteins migrated 
to more than one spot (presumably due to differential protein 
processing or modifications), and protein levels from these 
spots were calculated by integrating the intensities of the dif- 
ferent spots. The 156 protein spots analyzed represented the 
products of 128 different genes. Genes were excluded from the 
correlation analysis only if part of the data set was missing; i.e.. 
genes were excluded if (i) no mRNA expression data were 
available for the protein or putative SAGE tags were ambig- 
uous, (ii) the amino acid sequence did not contain methionine, 
(iii) more than a single protein was conclusively identified as 
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matched to the same protein. 



migrating to the same gel spot, or (iv) the theoretical and 
observed pis* and molecular weights could not he reconciled. 
After these criteria were applied, the number of genes used in 
the correlation analysis was 106. 



Codon bias and predicted half-lives. Codon bias is thought 
to be an indicator of protein expression, with highly expressed 
proteins having large codon bias values. The codon bias distri- 
bution for the entire set of more than 6.000 predicted yeast 
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gene ORFs is presented in Fig. 4 A. The interval with the 
largest frequency of genes is between the codon bias values of 
0.0 and 0.1. This segment contains more than 2,500 genes. The 
distribution of the codon bias values of the 128 different genes 
found in this study (all protein spots from Fig. 2) is shown in 
Fig. 4B, and protein half-lives (predicted from applying the 
N-end rule [33] to the experimentally determined or predicted 
protein N termini) are shown in Fig. 4C. No genes were iden- 
tified with codon bias values less than 0.1 even though thou- 
sands of genes exist in this category. In addition, nearly all of 
the proteins identified had long predicted half-lives (greater 
than 30 h). 

Correlation of mRNA and protein expression levels. The 
correlation between mRNA and protein levels of the genes 
selected as described above is shown in Fig. 5. For the entire 
group (106 genes) for which a complete data set was gener- 
ated, there was a general trend of increased protein levels 
resulting from increased mRNA levels. The Pearson product 
moment correlation coefficient for the whole data set (106 
genes) was 0.935. This number is highly biased by a small 
number of genes with very large protein and message levels. A 
more representative subset of the data is shown in the inset of 
Fig. 5. It shows genes for which the message level was below 10 
copies/cell and includes 69% (73 of 106 genes) of the data used 
in the study. The Pearson product moment correlation coeffi- 
cient for this data set was only 0.356. We also found that levels 
of protein expression coded for by mRNA with comparable 
abundance varied by as much as 30-fold and that the mRNA 
levels coding for proteins with comparable expression levels 
varied by as much as 20-fold. 

The distortion of the correlation value induced by the un- 
even distribution of the data points along the x axis is further 
demonstrated by the analysis in Fig. 6. The. 106 samples in- 
cluded in the study were ranked by protein abundance, and the 
Pearson product moment correlation coefficient was repeat- 
edly calculated after including progressively more, and higher- 
abundance, proteins in each calculation. The correlation values 
remained relatively stable in the range of 0.1 to 0.4 if the 
lowest-expressed 40 to 95 proteins used in this study were 
included. However, the correlation value steadily climbed by 
the inclusion of each of the 11 very highly expressed proteins. 

Correlation of protein and mRNA expression levels with 
codon bias. Codon bias is the propensity for a gene to utilize 
the same codon to encode an amino acid even though other 
codons would insert the identical amino acid in the growing 
polypeptide sequence. It is further thought that highly ex- 
pressed proteins have large codon biases (3). To assess the 
value of codon bias for predicting mRNA and protein levels in 
exponentially growing yeast cells, we plotted the two experi- 
mental sets of data versus the codon bias (Fig. 7). The distri- 
bution patterns for both mRNA and protein levels with respect 
to codon bias were highly similar. There was high variability in 
the data within the codon bias range of 0.8 to 1.0. Although a 
large codon bias generally resulted in higher protein and mes- 
sage expression levels, codon bias did not appear to be predic- 
tive of cither protein levels or mRNA levels in the cell. 

DISCUSSION 

The desired end point for the description of a biological 
system is not the analysis of mRNA transcript levels alone but 
also the accurate measurement of protein expression levels and 
their respective activities. Quantitative analysis of global 
mRNA levels currently is a preferred method for the analysis 
of the state of cells and tissues ( I t). Several methods which 
either provide absolute mRNA abundance (34, 35) or relative 
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mRNA levels in comparative analyses (20, 27) have been de- 
scribed elsewhere. The techniques are fast and exquisitely sen- 
sitive and can provide mRNA abundance for potentially any 
expressed gene. Measured mRNA levels are often implicitly or 
explicitly extrapolated to indicate the levels of activity of the 
corresponding protein in the cell. Quantitative analysis of pro- 
tein expression levels (protcome analysis) is much more time- 
consuming because proteins are analyzed sequentially one by 
one and is not general because analyses are limited to the 
relatively highly expressed proteins. Protcome analysis does, 
however, provide types of data that are of critical importance 
for the description of the state of a biological system and that 
are not readily apparent from the sequence and the level of 
expression of the mRNA transcript. This study attempts to 
examine the relationship between mRNA and protein expres- 
sion levels for a large number of expressed genes in cells 
representing the same state. 

Limits in the sensitivity of current protein analysis technol- 
ogy precluded a completely random sampling of yeast proteins. 
We therefore based the study on those proteins visible by silver 



Vol. 19, 1999 



CORRELATION BETWEEN PROTEIN AND mRNA LEVELS IN YEAST 1727 



1000 



o 750 
o 

to 
o 

a 
o 
o 



r 500 

<D 

O 

C 

CO 
"D 

C 

3 
JQ 

CO 

.E 250 
© 



100 



75 - 



50 - 



25 



















o 










o 
















o 




















o 


























o 


o 


o 




o 












o 






o 








0 


o 


o 


s 


o 


o 


8 


o 
o 


g 


o 
o 


o 


i i 


8 


8 


0 

o 




8 

0 


8 


o 

o 






0 


8 


0 


8 






o ° 


o 



0.0 



2.5 



5.0 



7.5 



10.0 



50 



100 



150 



200 



250 



300 



mRNA abundance (copies/cell) 



FIG. 5. Correlation beiween protein and mRNA levels for 106 genes in yeast growing at log phase with glucose as a carbon source. mRNA and protein levels were 
calculated as described in Materials and Methods. The data represent a population of genes with protein expression levels visible by silver staining on a 2D gel chosen 
to include the entire range of molecular weights, isoelectric focusing points, and staining intensities. The inset shows the low-end portion of the main figure. It contains 
69% of the original data set. The Pearson product moment correlation for the entire data set was 0.935. The correlation for the inset containing 73 proteins (69%) was 
only 0.356. 



staining on a 2D gel. Of the more than 1,000 visible spots, 156 
were chosen to include the entire range of molecular weights, 
isoelectric focusing points, and staining intensities displayed on 
the 2D protein pattern. The genes identified in this study 
shared a number of properties. First, all of the proteins in this 
study had a codon bias of greater than 0.1 and 93% were 
greater than 0.2 (Fig. 4B). Second, with few exceptions, the 
proteins in this study had long predicted half-lives according to 
the N-end rule (Fig. 4C). Third, low-abundance proteins with 
regulator)' functions such as transcription factors or protein 
kinases were not identified. 

Because the population of proteins used in this study ap- 
pears to be fairly homogeneous with respect to predicted half- 
life and codon bias, it might be expected that the correlation of 
the mRNA and protein expression levels would be stronger for 
this population than for a random sample of yeast proteins. We 
tested this assumption by evaluating the correlation value if 
different subsets of the available data were included in the 
calculation. The 106 proteins were ranked from lowest to high- 
est protein expression level, and the trend in the correlation 
value was evaluated by progressively including more of the 
higher-abundance proteins in the calculation (Fig. 6). The cor- 
relation value when only the lower-abundance 40 to 93 pro- 
teins were examined was consistently between 0.1 and 0.4. If 
the 1 1 most abundant proteins were included, the correlation 
steadily increased to 0.94. We therefore expect that the corre- 
lation for all yeast proteins or for a random selection would be 
less than 0.4. The observed level of correlation between 
mRNA and protein expression levels suggests the importance 



of posttranslational mechanisms controlling gene expression. 
Such mechanisms include translational control (15) and con- 
trol of protein half-life (33). Since these mechanisms are also 
active in higher eukaryotic cells, we speculate that there is no 
predictive correlation between steady-state levels of mRNA 
and those of protein in mammalian cells. 

Like other large-scale analyses, the present study has several 
potential sources of error related to the methods used to de- 
termine mRNA and protein expression levels. The mRNA 
levels were calculated from frequency tables of SAGE data. 
Thisjnethod is highly quantitative because it is based on actual 
sequencing of unique tags from each gene, and the number of 
times that a tag is represented is proportional to the number of 
mRNA molecules for a specific gene. This method has some 
limitations including the following: (i) the magnitude of the 
error in the measurement of mRNA levels is inversely propor- 
tional to the mRNA levels, (ii) SAGE tags from highly similar 
genes may not be distinguished and therefore are summed, (iii) 
some SAGE tags are from sequences in the 3' untranslated 
region of the transcript, (iv) incomplete cleavage at the SAGE 
tag site by the restriction enzyme can result in two tags repre- 
senting one mRNA, and (v) some transcripts actually do not 
generate a SAGE tag (34, 35). 

For the SAGE method, the error associated with a value 
increases with a decreasing number of transcripts per cell. The 
conclusions drawn from this study are dependent on the qual- 
ity of the mRNA levels from previously published data (35). 
Since more than 65% of the mRNA levels included in this 
study were calculated to 10 copies/cell or less (40% were less 
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, than 4 copies/cell), the error associated with these values may 
be quite large. The mRNA levels were calculated from more 
than 20,000 transcripts. Assuming that the estimate of 15,000 
mRNA molecules per cell is correct (16), this would mean that 
mRNA transcripts present at only a single copy per cell would 
be detected 72% of the time (35). The mRNA levels for each 
gene were carefully scrutinized, and only mRNA levels for 
which a high degree of confidence existed were included in the 
correlation value. 

Protein abundance was determined by metabolic radiolabel- 
ing with [ 35 S]methionine. The calculation required knowledge 
of three variables: the number of methionines in the mature 
protein, the radioactivity contained in the protein, and the 
specific activity of the radiolabel normalized per methionine. 
The number of methionines per protein was determined from 
the amino acid sequence of the proteins identified by tandem 
mass spectrometry. For some proteins, it was not known 
whether the methionine of the nascent polypeptide was pro- 
cessed away. The N termini of those proteins were predicted 
based on the specificity of methionine aminopeptidase (31). If 
the N-terminal processing did not conform to the predicted 
specificity of processing enzymes, the calculation of the num- 
ber of methionines would be affected. This discrepancy would 
affect most the quantitation of a protein with a very low num- 
ber of methionines. The average number of calculated methi- 
onines per protein in this study was 7.2. We therefore expect 
the potential for erroneous protein quantitation due to un- 
usual N-tcrminal processing to be small. 



The amount of radioactivity contained in a single spot might 
be the sum of the radioactivity of comigrating proteins. Be- 
cause protein identification was based on tandem mass spec- 
trometry techniques, comigrating proteins could be identified. 
However, comigrating proteins were rarely detected in this 
study, most likely because relatively small amounts of total 
protein (40 jxg) were initially loaded onto the gels, which re- 
sulted in highly focused spots containing generally 1 to 25 ng of 
protein. Because of the relatively small, amount loaded, the 
concentrations of any potentially comigrating protein would 
likely be below the limit of detection of the mass spectrometry 
technique used in this study (1 to 5 ng) and below the limit of 
visualization by silver staining (1 to 5 ng). In the overwhelming 
majority of the samples analyzed, numerous peptides from a 
single protein were detected. It is assumed that any comigrat- 
ing proteins were at levels too low to be detected and that their 
influence in the calculation would be small. 

The specific activity of the radiolabel was determined by 
relating the precise amount of protein present in selected spots 
of a parallel gcK as determined by quantitative amino acid 
composition analysis, to the number of methionines present in 
I he sequence of those proteins and the radioactivity deter- 
mined by liquid scintillation counting. It is possible that the 
resulting number might be influenced by unavoidable losses 
inherent in the amino acid analysis procedure applied. Because 
four different proteins were utilized in the calculation and the 
experiment was done in duplicate, the specific activity calcu- 
lated is thought to be highly accurate. Indeed, the specific 



Vol. 19, 1999 



CORRELATION BETWEEN PROTEIN AND mRNA LEVELS IN YEAST 1729 



1000 



f 7 *H 
.o 

© 
a 
o 

500 

c 

(tJ 

■a 
c 

3 
A 

a 
c 

0) 

3 250 
a 



o [protein] 
a [mRNA] 



o 

A 



o 

A 

o 



A 

o 



a o o *• 

^ AD O ° ° 



06 
•o 

_ 3 



o 

-A — 



350 



280 



210 

s 

c 

C9 

•a 
c 

140 "8 
< 

2 

oc 
E 



70 



0.0 



0.2 



0.4 



0.6 

Codon Bias 



0.8 



1.0 



FIG. 7. Relationship between codon bias and protein and mRNA levels in this study. Yeast mRNA and protein expression levels were calculated as described in 
Materials and Methods. The data represent the same 106 genes as in Fig. 5. 



activities calculated for each of the four proteins varied by less 
than 10%. Any inconsistencies in the calculation of the specific 
activity would result in differences in the absolute levels calcu- 
lated but not in the relative numbers and would therefore not 
influence the correlation value determined. 

The protein quantitative method used eliminates a number 
of potential errors inherent in previous methods for the quan- 
titation of proteins separated by 2DE, such as preferential 
protein staining and bias caused by inequalities in the number 
of radiolabeled residues per protein. Any 2D gel-based method 
of quantitation is complicated by the fact that in some cases the 
translation products of the same mRNA migrated to different 
spots. One major reason is posttranslational modification or 
processing of the protein. Also, artifactual proteolysis during 
cell lysis and sample preparation can lead to multiple resolved 
forms of the protein. In such cases, the protein levels of spots 
coded for by the same mRNA were pooled. In addition, the 
existence of other spots coded for by the same mRNA that 
were not analyzed by mass spectrometry or that were below the 
limit of detection for silver staining cannot be ruled out. How- 
ever, since this study is based on a class of highly expressed 
proteins, the presence of undetected minor spots below silver 
staining sensitivity corresponding to a protein analyzed in the 
study would generally cause a relatively small error in protein 
quantitation. 

Codon bias is a measure of the propensity of an organism to 
selectively utilize certain codons which result in the incorpo- 
ration of the same amino acid residue in a growing polypeptide 
chain. There are 61 possible codons that code for 20 amino 
acids. The larger the codon bias value, the smaller the number 
of codons that arc used to encode the protein (19). It is 



thought that codon bias is a measure of protein abundance 
because highly expressed proteins generally have large codon 
bias values (3, 13). 

Nearly all of the most highly expressed proteins had codon 
bias values of greater than 0.8. However, we detected a number 
of genes with high codon bias and relative low protein abun- 
dance (Fig. 7). For example, the expressed gene with both the 
second largest protein and mRNA levels in the study was 
EN02_YEAST (775,000 and 289.1 copies/cell, respectively). 
ENO!_YEAST was also present in the gel at much lower 
protein and mRNA levels (44,200 and 0.7 copies/cell, respec- 
tively). The codon bias values for EN02 and ENOl are similar 
(0.96 and 0.93, respectively), but the expression of the two 
genes is differentially regulated. Specifically, EN01_YEAST is 
glucose repressed (6) and was therefore present in low abun- 
dance under the conditions used. Other genes with large codon 
bias values that were not of high protein abundance in the gel 
include EFT1, TIF1, HXK2, GSP1, EGD2, SHM2, and TALI. 
We conclude that merely determining the codon bias of a gene 
is not sufficient to predict its protein expression level. 

Interestingly, codon bias appears to be an excellent indicator 
of the boundaries of current 2D gel proteome analysis tech- 
nology. There arc thousands of genes with expressed mRNA 
and likely expressed protein with codon bias values less than 
0.1 (Fig. 4A). In this study, we detected none of them, and only 
a very small percentage of the genes detected in this study had 
codon bias values between 0.1 and 0.2 (Fig. 4B). Indeed, in 
ever>' examined yeast proteome study (5, 7. 13, 28) where the 
combined total number of identified proteins is 300 to 400, this 
same observation is true. It is expected that for the more 
complex cells of higher cukaryotic organisms the detection of 
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low-abundance proteins would be even more challenging than 
for yeast. This indicates that highly abundant, long-lived pro- 
teins are overwhelmingly detected in proteome studies. If pro- 
teome analysis is to provide truly meaningful information 
about cellular processes, it must be able to penetrate to the 
level of regulatory proteins, including transcription factors and 
protein kinases. A promising approach is the use of narrow- 
range focusing gels with immobilized pH gradients (IPG) (23). 
This would allow for the loading of significantly more protein 
per pH unit covered and also provide increased resolution of 
proteins with similar electrophoretic mobilities. A standard pH 
gradient in an isoelectric focusing gel covers a 7-pH-unit range 
(pH 3 to 10) over 18 cm. A narrow- range focusing gel might 
expand the range to 0.5 pH units over 18 cm or more. This 
could potentially increase by more than 10-fold the number of 
proteins that can be detected. Clearly, current proteome tech- 
nology is incapable of analyzing low-abundance regulatory pro- 
teins without employing an enrichment method for relatively 
low-abundance proteins. In conclusion, this study examined 
the relationship between yeast protein and message levels and 
revealed that transcript levels provide little predictive value 
with respect to the extent of protein expression. 
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The t(5;14) Chromosomal translocation in a Case of Acute Lymphocytic 
J>ukemia Joins the Interleukin-3 Gene to the Immunoglobulin Heavy Chain Gene 

By J. Christopher Grimaldi and Timothy C. Meeker 



Qfiromosomal translocations have proven to be Important 
nrwarkers of the genet it abnormalities central to the patho- 
genesis of cancer. By cloning chromosomal breakpoints 
orie can identify activated proto-oncogenes. We have stud- 
ied a case of B-lineage acute lymphocytic leukemia (ALL) 
tt-ast was associated with peripheral blood eoslnophilla. The 
cf-iromosomal translocation t(5;14) (q31;q32) from this 
sample was cloned and studied at the molecular level. This 

KARYOTYPIC STUDIES of leukemia and lymphoma 
have identified frequent nonrandom chromosomal 
translocations. Some of these translocations juxtapose the 
inrununoglobuiin heavy chain (IgH) gene with important 
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Fig 1. DNA blots of the leukemia sample. The restriction 
fragment pattern of normal human DNA (N) and the leukemia 
sample (L) were compared using a human Jh probe. Rearranged 
bands are indicated by arrows. Sample L exhibits a single rear- 
ranged band with both Hind W EcoH\ and 5au3A restriction 
digests. The rearranged bands are less intense than the other 
bands because the majority of cells in the sample represent normal 
bone marrow elements. 



translocation joined the immunoglobulin heavy chain Join- 
ing (Jh) region to the promotor region of the lnterleukin-3 
(IL-3) gene In opposite transcriptional orientations. The 
data suggest that activation of the IL-3 gene by the 
enhancer of the immunoglobulin heavy chain gene may play 
a central role in the pathogenesis of this leukemia and the 
associated eoslnophilla. 
• 1989 by Grune & Stratton, Inc. 

protooncogenes, such as c-myc and 6c7-2. u In this way, the 
IgH gene can activate proto-oncogenes, resulting in disor- 
dered gene expression and a step in the development of 
cancer. The investigation of additional nonrandom transloca- 
tions into the IgH locus allows us to identify new genes 
promoting the generation of leukemia and lymphoma. 

A distinct subtype of acute lymphocytic leukemia (ALL) 
has been characterized by B-lineage phenotype, associated 
eosinophilia in the peripheral blood, and a t(5;14)(q31;q32) 
chromosomal translocation. 5,4 This syndrome probably 
occurs in <1% of all patients with ALL. We hypothesized 
that the cloning of the translocation characteristic of this 
leukemia might allow the identification of an important gene 
on chromosome 5 that plays a role in the evolution of this 
disease. In this report we demonstrate that the interleukin-3 
gene (IL-3) and the IgH gene are joined by this transloca- 
tion. 

MATERIALS AND METHODS 

Sample and DNA blots. A bone marrow aspirate from a repre- 
sentative patient with ALL (LI morphology by Frencb-American- 
British [FAB] criteria), peripheral eosinophilia (up to 20,000 per 
microliter with a normal value of <350 per microliter) and a 
t(5;14)(q31;q32) translocation was studied. Using published meth- 
ods, genomic DNA was isolated and DNA blots were made. 5 Briefly, 
10 ng of high molecular weight (mol wt) DNA were digested using 
an appropriate restriction enzyme and electrpphoresed on a 0.8% 
"agarose ,*gc\. The gel was stained with ethidium bromide, photo- 
graphed, denatured, neutralized, and transferred to Hybond (Amer- 
sham, Arlington Heights, 1L). After treatment of the filter with 
ultraviolet light, hybridization was performed. The niter was washed 
to a final stringency of 0.2% saturated sodium citrate (SSC) and 
0.1% sodium lauryly sulfate (SDS) and exposed to film. The human 
Jb probe has been previously reported. 6 
Genomic library. The genomic library was made using pub- 
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lishcd methods. 5 Approximately 100 n% of high mol wi genomic 
DNA were partially digested with the SaulA restriction enzyme. 
Fragments from 9 to 23 Irilobases (kb) in size were isolated on a 
sucrose gradient and tigated into phage EMBL3A (Strategene, San 
Diego). Recombinant phage were packaged, plated, and screened as 
previously reported, 5 

DNA sequencing. Fragments for sequencing were cloned into 
Ml 3 vectors and sequenced by the chain termination method using 
Sequenase (United States- Biochemical, Cleveland). 7 All sequence 
data were derived from both strands. 

RESULTS 

We studied a bone marrow sample from a patient with 
ALL and associated peripheral eosinophilic Karyotypic 
analysis showed the characteristic t(5;I4)(q31;q32) translo- 
cation. These features define a distinctive subtype of ALL. M 
The leukemic cells were analyzed for cell surface phenotype 
by immunofluorecence. They were positive for Bl (CD20) 
B4 (CD19), cALLA (CDIO), HLA-DR, and termini! 
deoxynucleotidyt transferase (Tdt), but negative for surface 
immunoglobulin. This phenotypic profile describes an imma- 
ture cell from the B-Iymphocytic lineage. 8 

The leukemia DNA was analyzed by Southern blotting for 
rearrangements of the IgH gene. Using a human immuno- 
globulin Jh probe, a single rearranged band was detected by 
EcoKl, HindHl, Sstl, Sau3A, and EcoKl plus Htndlll 
restriction digests, suggesting rearrangement of one allele 
(Fig 1). The immunoglobulin Jh region from the other allele 
was presumably either deleted or in the germline configura- 
tion. 

We hypothesized that the t(5;14)(q31;q32) juxtaposed a 
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growth-promoting gene on chromosome 5 with the immuno- 
globulin Jh region on chromosome 14. Therefore, a genomic 
library was made from the leukemic sample and screened 
with a Jh probe. Fifteen distinct positive clones were isolated 
and screened for the presence of the rearranged Sau3A 
fragment that was detected by DNA blotting. By this 
analysis, five clones appeared to represent the rearranged 
allele identified by DNA blots. One of these clones (clone no. 
4) was chosen for further study and a detailed restriction 
map was generated. The EcoKl Hindlllf EcoKl, and Sstl 
fragments from clone no. 4 that hybridized to the human Jh 
probe were also identical in size to the rearranged fragments 
from the leukemia sample,, confirming that clone no. 4 
represented the rearranged leukemic allele. 

Phage clone no. 4 contained 3.7 kb of unknown origin 
joined to the IgH gene in the region of Jh4 (Fig 2). The IgH 
gene from Jh4 to the Cmu region appeared to be in germline 
configuration. Previously, the gene encoding hematopoietiV' 
growth factor 11^3 had been mapped to chromosome 5q3 1 so 
it was suspected that clone no. 4 might contain part of this 
gene. 9 - 12 When the restriction map of human IL-3 and clone 
no. 4 were compared, they were identical for more than 3 kb 
(Fig 2). 

We confirmed the juxtaposition of the IL-3 gene and the 
IgH gene by nucleic acid sequencing of the subcloned 
BstEll/Hpal fragment (Fig 2). The sequence of this frag- 
ment showed no disruption of the protein coding region or the 
messenger RN A of the IL-3 gene. The break in the IL-3 gene 
occurred in the promotor region, 452 base pairs (bp) 
upstream of the transcriptional start site (position 64, Fig 
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3A>> The break in the IgH gene occurred 2 bp upstream of GM-CSF maps within 9 kb of IL-3 in the same transcrip- 

the region. Between the two breaks, 25 bp of uncertain tional orientation. 16 Using this information and assuming a 

origin (putative N sequence) were inserted. 1 * 14 No sequences simple translocation event in our sample, we can conclude 

hor*K>logous to the immunoglobulin heptamer and nonamer that the IL-3 gene is normally more centromeric, and the 

cou-14 be identified in the YL-3 sequence (Fig 3B). Therefore, GM-CSF gene.more telomeric on chromosome 5q (Fig 4). 

nudeic acid sequencing confirmed the juxtaposition of the Furthermore, both are transcribed with their 5' ends toward 

gene and the IgH gene. The sequence data clearly the centromere, 
shoved that the genes were positioned in opposite transcrip- 
tiomal orientations (head-to-head). 

Available data also allowed us to determine the normal In this report we have cloned a unique chromosomal 

positions of the IL-3 gene and the GM-CSF gene in relation translocation that appears to be a consistent feature of a rare, 

to "the centromere of chromosome 5 (Fig 4). The IgH gene is yet distinct, clinical form of acute leukemia. This transloca- 

known t0 positioned with the variable regions toward the tion joined the promotor of the IL-3 gene to the IgH gene, 

telomere on chromosome 14q.* 15 It has also been shown that Except for the altered promotor, the IL-3 gene appeared 

• + 

■ j*. 5 ■ GGTGACCAGGGTTCCCTGtXCCCAGTAGTOUUVGTAG^^^ 80 
f\ 3 • CCACTGGTCCCAAGGGACCGGGGTCATCAGTTTCATe ATC^ 

' * " • • 

5 f TACC AGACAAACTCTCATCTGTTCCAGTGGCCTCCTGGCC ACCCACC AGGACCAAGCAGGGCGGGCAGC AGAGGGCC AGG , g 0 
3 • ATGGTCTGTTTGAGAGTAGACAAGGTCACCGGAGGACCGGTGGGTGGTC 

********* ♦ • . 

5 ' GTAGTCC AGGTGATGGCAGATGAGATCCCACTGGGCAGGAGGCCTC 240 
3 1 C ATCACOTCCACTACCGTCTACTCTAGGGTGACCC^ 

• • • • 

5 • GGGGTCCTCTCACCTGCTGCCATGCTTCCC^^ 32 0 
3 * CCCCAGGAGACTGGACGACGGTACGAAGGGTAGAGAGTAGGAGGAACTGTTCTACTTC^CTATGGC AAATTCATTAGAAA 

********* 

• ♦ • • 

5 ' TTTCTTGTTTC ACTGATCUTCAGTACTAGAAAGTC^ 400 
3 ' AAAGAACAAAGTGACTAGAACTCATGATCTTTCAGTACCTACTTATTAATC 

• • • • 

5 1 cagataaagatccttccgacgcctgccccacaccaccacctccccccgccttgcccggggttgtgggcaccttgctgctg . g 0 
3 • gtctatttctaggaaggctgcggacggggtgtggtggtggaggggggcggaacgg<k:cccaacacccgtggaacgacgac 

• • • • 

5 1 cac atata aggcgggaggttgttgccaactcttcagagcccc^cgaaggaccagaacaagacagagtgcctcctgccgat 5 G b 

3 1 GTGTATATTCCGCCCTCCAACAACGGTTGAGAAGTCTCGGGGTGCTTCCTGGTCTTGTTC 

5 ■ CCAAACATGAGCCGCCTGCCCGTCCTGCTCCTGCTCCAACTCCTGGTCCGCCCCGGACTCCAAGCTCCCATGACCCAGAC g fi ( - 
3 • GGTTTGTACTCGGCGGACGGGCAGGACGAGGACGAGGTTGAGGACCAGGCGGGGCCTGAGGTTCGAGGGTACTC 

5 1 AACGTCCTTGAAGACAAGCTGGGTTAAC 3" 668 
3 1 TTGCAGGAACTTCTGTTCGACCCAATTG 5' 

B5 1 TGGCCCCAGTAGTCAAAGTAGTCACATTGTGGGAGGCCCCATTAAGGGGTGCACAAAAACCTGACTCTC 
J 9 3 , ACCGGGGTC ATCAGTTTCAT CAGTGTAACACCCTCCGGGGTAATTCCCCACGTGTTTTTGGACTGAGAG 

++++++++++++++++++++++ 
» * 5 • TGGCCCCAGTAGTCAAAGTAGT AGAGGTAATTC ATCATAGCTGCGGATTAGCAGCGTGACCGGCTACCA 
C1 • * 4 3 « &rrr:f;riCTrRTrRCTTTnATC ATCTCCATTAAGTAGTATCGACGCCTA ATCGTCGCACTGGCCGATGGT 

++++++++++++++++++++++ 

, , 5 ' GGCACCAAGAGATGTGCTTCTCAGAGCCTGAGGCTGAACGTGGATGTTTAGCAGCGTGACCGGCTACCA 

X1 " 3 3 1 CCGTGGTOXITCTACACGAAGAGTCTCGGACTCCGACTTGCACCTACAAATCGTCGCACTGGCCGATGGT 

Fig 3. Sequence of t(6;14Hq31;q32> breakpoint region. (A) Nucleotide sequence of the Bst&UHpaX fragment indicated on Fig 2. 
Nucleotides 1 to 36 represent the Jh4 coding region underlined on the coding strand.' Nucleotides 39 to 63 are a putative N region. The 
sequence from position 64 to 668 Is that of the germline IL-3 gene.** The IL-3 TATA box (485), transcription start (616), and Initiation 
methionine (667) are underlined. Two proposed regulatory sequences In the promotor are marked by asterisks (positions 182 and 389). (B) 
Comparative sequence of the t(6;1 4)(q31 ;q32) breakpoint region. The lgJh4 region Is shown with Its coding region, heptamer, and 
nonamer underlined. Clone no. 4 is shown with putative N region sequences underlined. The IL-3 sequence is also shown. A plus sign (+) 
denotes the identical nucleotide between sequences. No heptamer or nonamer is identified In the IL-3 sequence. 
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Fig 4. Diagram of the translocation. The normal chromosome 
Bq31 is shown with the GM-CSF gene telomerio to the IL-3 gene tn 
the transcriptional orientation shown. On normal chromosome 
14q32 the Vh regions are telomeric. The t(6;14)(q31 ;q32) translo- 
cation results in the head-to-head orientation of these genes. 
Symbols are defined In Fig 2. BP, breakpoint position. 

intact as no deletions, insertions, or point mutations were 
detected by restriction mapping of the entire gene and 
sequencing of part of the gene. The IgH gene has been 
truncated at the Jh4 region, which places the immunoglobu- 
lin enhancer within 2.5 kb of the IL-3 gene. 17 -" This leads to 
the hypothesis that the enhancer is increasing transcription 
of a structurally normal IL-3 gene. The same mechanism is 
important for activation of the omyc gene in some cases of 
Burkitfs lymphoma. 19 An alternate hypothesis is that the 
elimination of an upstream IL-3 promoter element is crucial 
to the activation of the gene. 

The proposed activation of the IL-3 gene suggests that an 
autocrine loop is important for the pathogenesis of this 
leukemia. Over-expression of the ID-3 gene coupled with 
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the presence of the IL-3 receptor in these cells could account 
for a strong stimulus for proliferation. In this regard, there 
are data indicating that immature B-lineage lymphocytes 
and B-lineage leukemias may express the IL-3 receptor** 1 - 22 

An additional feature of this type of leukemia is the 
dramatic eosinophilic consisting of mature forms. It has 
been hypothesized that the eosinophils do not arise from the 
malignant clone, but are stimulated by the tumor. 23 - 24 
Because of the known effect of IL-3 on eosinophil differentia- 
tion, secretion of high levels of IL-3 by leukemic cells might 
have a role in the eosinophil in this type of leukemia. 12 

The data suggest that the recombination mechanism that 
is active in the IgH gene during normal differentiation has a 
role in this translocation. 13 ' 14 This is supported by the break- 
point location at the 5' end of Jh4 and the presence of 
putative N-regton sequences. On the other hand, no recombi- 
.nation signal sequence (heptamer and nonamer) was found 
in this region on chromosome 5, suggesting that additional 
factors also played a role. Further studies will elucidate the 
mechanism of this and other translocations.. 

In the leukemia we studied, it is possible that the immuno- 
globulin enhancer also activates the GM-CSF gene, since 
this gene is probably positioned only 14 kb away (Fig 4). This 
is known to be within the range of enhancer activation. 25 The 
interleukin-5 (IL-5) gene maps to chromosome 5q3I * 
Deregulation of the IL-5 gene by this translocation would act 
synergistically with IL-3 in the stimulation of eosinophil 
proliferation and differentiation. 27 These and other questions 
will be answered by the study of more patient samples; We 
plan to determine whether the t(5;14)(q31;q32) transloca- 
tion is capable of activating multiple lymphokines simulta- 
neously and whether they cooperate in the generation of this 
leukemia. 
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Activation of the Interleukin-3 Gene by Chromosome Translocation in Acute 
Lymphocytic Leukemia With Eosinophilia 

By Timothy C. Meeker, Dan Hardy, Cheryl Willman, Thomas Hogan f and John Abrams 



The t(5;14)[q31;q32) translocation from BHmeago acute 
lymphocytic leukemia with eosinophilia has been cloned 
from two leukemia samples. In both, cases, this transloca- 
tion Joined the IgH gene and the interleukin-3 (JL-3) gene. In 
one patient, excess IL-3 mRNA was produced by the 
leukemic cells. In the second patient, serum IL-3 levels 
were measured and shown to correlate with disease 

A NUMBER OF chromosome translocations have been 
associated with human leukemia and lymphoma. In 
many cases the study of these translocations has led to the 
discovery or characterization of proto-oncogenes, such as 
bcl-2 9 Qrabl t and c-royc, that are -located adjacent to the 
translocation, 1 * 2 It is aow widely understood that cancer- 
associated translocations disrupt nearby proto-oncogenes. 

A distinct subtype of acute leukemia is characterized by 
the triad of B-lineage immunophenotype, eosinophilia, and 
the t(5;14)(q3t;q32) translocation. 3 ' 4 Leukemic cells from 
such patients have been positive for terminal deoxynucleotidyl 
transferase (Tdt), common acute lymphoblastic leukemia 
antigen (CALLA), and CD19, but negative for surface or 
cytoplasmic immunoglobulin. In previous work, we cloned 
the t(5;14) breakpoint from one leukemic sample (Case I) 
and determined that the IgH and interleukin-3 (IL-3) genes 
were joined by this abnormality. 5 In this report, we extend 
those findings by showing that the t(5;14)(q31;q32) translo- 
cation from a second leukemia sample (Case 2) has a similar 
structure, and we report our study of growth factor expres- 
sion in these patients. 

MATERIALS AND METHODS 
Samples and Southern blots. Case 1 has been described. 5 * 6 
Clinical features of Case 2 have been described in detail. 3 DNA 
isolation and Southern blotting was done using previously described 
methods. 5 Fdters were hybridized with an immunoglobulin Jh probe, 
a 280 bp BamHl/BcoRl genomic IL-3 fragment and an IL-3 
cDN A probe.™ 

Northern blots. RNA isolation and Northern blotting have been 
described.* Briefly, Northern blots were done by separating 9jig 
total RNA on 1% agarose-formaldehyde gels. Equal RNA loading in 
each lane was confirmed by ethidhira bromide staining. Blots were 
hybridized with an IL-3 cDNA probe extending to iheXho I site in 
exon 5, a 720 bp Sst l/Kpn I probe derived from intron 2 of the IL-3 
gene, a 600 bp Nhe l/Hpa I IL-5 cDNA probe, and a 500 bp Pst 
l/Nco I granulocyte-macrophage colony stimulating factor (GM- 
CSF) cDNA probe.'*' 1 

Polymerase chain reaction. Primers were designed with BamHl 
sites for cloning. One primer hybridized to the Jh sequences from the 
IgH gene (Primer 1 44:5'-TAGGATCCG ACGGTGACCAGGGT), 
and the other hybridized to the region of the TATA box in the IL-3 
gene (Primer 161: 5-AACAGGATCCCGCCTTATATGTGCAG). 
Polymerase chain reaction (PCR) (95°C for I minute, 6l°C for 30 
seconds, and 72°C for 3 minutes) was done using 500 og genomic 
DNA and 50 pmol of each primer in 100 fih containing 67 mmol/L 
Tris-HCl pH 8.8, 6.7 mmol/L MgCl 2 , 10% dimethyl sulfoxide 
(DMSO), 170 Mg/mL bovine serum albumin (BSA) (fraction V), 



activity. There was no evidence of excess granulocyte/ 
macrophage colony stimulating factor (GM-CSF) or IL-6 
expression. Our data support the formulation that this 
subtype of leukemia may arise in part because of a 
chromosome translocation that activates the IL-3 gene, 
resulting In autocrine and paracrine growth effects. 
© 1990 by The American Society of Hematology 

16.6 mmol/L ammonium sulfate, 1.5 mmol/L each dNTP and Taq 
polymerase (Perkin-Elmer, Norwalk, CT).' J 

Sequencing. Sequencing was done by chain tennination in M13 
vectors. 14 As part of this study, we sequenced a subclone of a normal 
IL-3 promoter, covering 598 base pairs from a Sma I site at position 
- 1240 (with respect to the proposed sitFof transcription initiation) 
to an Nhe I site at position -642. The plasmid containing this region 
was a gift from Naoko Arai of the DNAX Research Institute, 

Expression in Cos7 cells. A genomic IL-3 fragment from Case 1 
was cloned into the pXM expression vector." Briefly, the HindUl/ 
Sal I fragment containing the IL-3 gene was subcloned from the 
previously .described phage clone 4 into pUC18. 5 The 2.6 kb 
fragment extending from the Sma I site 61 bp upstream of the IL-3 
transcription start to the Sma I site in the polylinker was cloned into 
the blunted Xho \ site of pXM. The negative control construct was 
the pXM vector without insert. Plasmids were introduced into Cos7 
cells by electroporaUon, and supernatant was collected after 48 
hours in culture. 

TF1 bioassay. TF-I cells were passaged in RPMI 1640 supple- 
mented with 10% heat-inactivated fetal bovine serum, 2 mmol 
L-glutamine, and 1 ng/mL human GM-CSF. 15 Samples and antibod- 
ies were diluted in this same medium lacking GM-CSF but contain- 
ing penicillin and streptomycin. A 25 /*L volume of serial dilutions of 
patient serum was added to wells in a flat bottom 96-weU microtiter 
plate. Rat anti-cytokine monoclonal antibody in a volume of 25 pL 
was added to appropriate wells and preincubated for 1 hour at 37°C. 
Fifty microliters of twice washed TF-1 cells were added to each well, 
giving a final cell concentration of 1 x. 10 4 cells per well .(final 
.volume, 100 uL). The plate was incubated for 48 hours. The 
remaining cell viability was determined metabolically by the colori- 
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sequence has the same nucleotide. The sequence documents the head-tc-heud jotnfng of the IL-3 and taH taZTtLkZT^l , thm Mch 
gene occurred at position -934 (•). ° ene8 ' Th * b ™*Po*nt in the IU3 
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metric method of Mosmann using a VMax microtiter plate reader 
(Molecular Devices, Meulo Park, CA) set at 570 and 650 nm. 16 

Cytokine Immunoassays, These assays used rat monoclonal 
anti-cytokine antibodies (10 ug/mL) to coat the wells of a PVC 
microtiter plate. The capture, antibodies used were BVD3-6G8, 
JBS1-39D10, and BVD2-23B6, for the EW, IL^5, and GM-CSF 
assays, respectively. Patient sera were then added (undiluted and 
diluted 1:2 for 11^3, undiluted for 11^5, and undiluted and diluted 
1:5 for GM-CSF). The detecting immunoreagents used were either 
mouse antiserum to IL-3 or nitroiodophenyl (NIP)-derivatizcd rat 
monoclonal antibodies JES1-5A2 and BVD2-21C11, specific for 
IL-5 and GM-CSF, respectively. Bound antibody was subsequently 
detected with immunoperoxidase conjugates: horseradish peroxidase 
(HRP)-Iabeled goat anti-mouse Ig for IL-3, or HRP-labeled rat (J4 
MoAb) anti-NIP for IL-5 and GM-CSF. The chromogenic sub- 
strate was 3-3'azino-bis-ben2thiazoline sulfonate (ABTS; Sigma, St 
Louis, MO). Unknown values were interpolated from standard 
curves prepared from dilutions of the recombinant factors using 
Softmax software available with the VMAX microplate reader 
(Molecular Devices). 

RESULTS 

Leukemic DNA from Case 2 was studied by Southern 
blotting. When digested with the Hindlll restriction enzyme 
and hybridized with a human immunoglobulin heavy chain 
joining region (Jh) probe, a rearranged fragment at approxi- 
mately 14 kb was detected (data not shown). When reprobed 
with either of two different IL-3 probes,* rearranged 14 kb 
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fragment, emigrating with the rearranged Jh fragment, was 
identtfed Whealeukeinic DNA was digested with i^dlll 
phis E coM, a rearranged Jh fragment was detected at 6 kb 
The IL-3 probes also identified a emigrating fragment of 
this size. These experiments Indicated that the leukemic 
sample studied was clonal and that a single fragment 
contamed both Jh and IL-3 sequences, suggesting a translo- 
cation had occurred. 

To characterize better the joining of the IL-3 gene and the 
immunoglobulin ibeavy chain (IgH) gene, the polymerase 
cham reaction (PC*) was used to clone the translocation." 
A Jh primer and an IL-3 primer were designed to produce an 
amplified product in the event of a head-to-head transloca- 
tion While control DNA gaveno PCRproduct, Case 2 DNA 
yielded a PCR-derived fragment of approximately 980 bp 
which was cloned and sequenced. 

The DNA sequence of the translocation clone from Case 2 
confirmed the joining of the Jh region with the promoter of 
the IL-3 gene in a bead-to^head configuration (Fig n 
Sequence analysis indicated that the breakpoint on chromo- 
some 14 was just upstream of the Jh5 coding region. The 
breakpoint on chromosome 5 occurred 934 bp upstream of 
the putative site of transcription initiation of the IL-3 gene 
We also determined that a putative N sequence of 17 bp was 
inserted between tfirchfomosome 5 and chromosome 14 
sequences during the translocation event."-" Figure 2 shows 
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Fig*. Relationship of chromosome 5 breakpoints to the IL-3 gene. This figure shows the two etonedhreain.nl.*. .. . 

the normel IL-3 gene.*" One breakpoint occurred at position -402 and the other at -W fiSrth bT.h Br ' ows > ,n ro »«Ion to 
translocations resulted in a head-tc-ttead Joining of the IgH gene and the IL-3 gene, leaving the mRNA andZatl. ~wm„ c ™ stan «»». the 
gene intact. Boxes denote the five tL-3 axons; restriction enzyme, ere IB) BsmHi, (P) At' (H) US iKKI^ ToS"" " 
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-JSi ? . ,L "! mRNA OV6r - oxpresslon - A Northern blot was prepared end hybridized with e probe for IU3 Lane 1 

«.rrt*!r»d RNA from unstimulated peripheral blood lymphocyte (PBU as a negative control. Lane 2 contained FU^f^m PBL stimulatodfor 
>» hours with concnavaDan A (ConA). and fame 3 contained RNA from PBL Emulated with ConA f« -48 l!ma^Mm^SZ^^ 

■L-3 gene. In addition, the leukemic sample showed over-expression of en tmspHced 23 kfa tt^ transcript (lane 4 tmnor arrowl w« 
t^T^^rS™" 9 * a " ^^.REaS^r of the mature 1 kbZscrlpt by LaSo LXedToTpro^e 

*rom Imron 2 of the H.-3 gene. A similar 2.9 kb bTrTd Was detected In lane 2. suggesting thai mmI KTtffiS 

lildICatlng that on| V *• whh the translocation exhibited IW over^xprei^onTSse^uW^t be 

•analyzed by Northern Wot because too few cells were available for study. anot D0 



the locations of the two cloned breakpoints in relation to the 
JL-3 gene. The two chromosome 5 breakpoints were sepa- 
rated by less than 500 bp. 

The genomic structure in Cases 1 and 2 suggested that a 
siormal IL-3 gene product was over-expressed as a result of 
the altered promotor structure. This would predict that the 
IL-3 gene on the translocated chromosome was capable of 
inaking IL-3 protein. This prediction was tested by express- 
ing a genomic fragment from the translocated allele of Case 
1 containing all five IL-3 exons under the control of the SV40 
promotor/enhancer in the Cos7 cell line. Cell supernatants 
vrere studied in a proliferation assay using the factor depen- 
dent erythroleukemic cell line, TF-1. The supernatants' 
derived from transfections using the vector plus insert 
supported TF-i proliferation, while supernatants from trans- 
fections using the vector alone were negative in this assay 
<data not shown). Furthermore, the biologic activity could be 
blocked by an antibody to human IL-3 (BVD3-6G8). This 
result showed that the translocated allele retained the ability 
to make IL-3 mRNA and protein. 

The level of expression of IL-3 mRNA in leukemic cells 
from Case 1 was assessed. Northern blotting showed that the 
mature IL-3 mRNA (approximately 1 kb) and a 2.9 kb 
unspliced IL-3 mRNA were excessively produced by the 
leukemia (Fig 3). The 2.9 kb form of the mRNA is also 
present at low levels in normal peripheral blood T lympho- 
cytes after mitogen activation (Fig 3). Several B-lineage 
acute leukemia samples without the t(5;14) translocation 
had undetectable levels of IL-3 mRNA in these experiments. 
In addition, although genes for GM-CSF and IL-5 map close 
to the IL-3 gene and might have been deregulated by the 
translocation, no IL-5 or GM-CSF mRNA could be detected 
in the leukemic sample (data not shown). 19,20 

Three serum samples from Case 2 were assayed by 
immunoassay for levels of IL-3, GM-CSF, and IL-5 (Table 
1). Serum IL-3 could be detected and correlated with the 
clinical course. When the patient's leukemic cell burden was 



highest, the IL-3 level was highest. No serum GM-CSF or 
IL-5 could be detected. 

Since the IL-3 immunoassay measured only immunoreac- 
tive factor, we confimed that biologically active IL-3 was 
present by using the TF-1 bioassay. This bioassay can be 
rendered monospecific using appropriate neutralizing mono- 
clonal antibodies specific for IL-3, IL-5, or GM-CSF. We 
observed that sera from 1-16-84 and 3-14-84 contained TF-1 
stimulating activity that could be blocked with anti-IL-3 
MoAb (BVD3-6G8), but not with MoAbs to IL-5 (JES1- 
39D10) or GM-CSF (BVD2-23B6) (Fig 4; GM-CSF data 
not shown). The amount of neutralizable bioactivity in these 
two samples correlated very well with the difference in IL-3 
levels obtained by immunoassay for these samples. Further- 
more, the failure to block TF-1 proliferating activity with 
either antj-IL-5 or anti^M-CSF^was consistent with the 
inability to "measure these" factors by immunoassay and 



Teble 1. Peripheral Blood Counts and Growth Factor Levels 
at Diffe rent Times m Case 2 

Sample Date 





11/16/83 


1/16/84 


3/14/84 


Peripheral blood counts (ceUs/jit) 








WBC 


81,800 


116,600 


12,300 


Lymphoblests 


0 


33,785 


0 


Eosinophils 


46.626 


73,080 


616 


Serum growth factor levels (pg/mL) 








IL-3 


' <444 


7,895 


1,051 


GM-CSF 


<15 


<16 


<15 


IL-5 


<60 


<60 


<60 



Peripheral blood counta from Case 2 at three different time points with 
the corresponding growth factor levels quantified by immunoassay. The 
patient received chemotherapy between 1/16/84 end3/14/B4 to lower 
his leukemic burden. 3 No serum samples were available for a similar 
analysis of Case 1. 

Abbreviation: WBC, white blood cells. 
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indicated that these other myeloid growth factors were not 
detectably circulating in the serum of this patient. 

DISCUSSION 

In this report, we have extended our analysis of acute 
lymphocytic leukemia and eosinophil associated with the 
t(5;14) translocation. In both cases we have studied, we have 
documented the joining of the 11^3 gene from chromosome 5 
to the IgH gene from chromosome 14. The breakpoints on 
chromosome 5 are within 500 bp of each other, suggesting 
that additional breakpoints will be clustered in a small region 
of the IL-3 promotor. The PCR assay we have developed will 
be useful in the screening of additional clinical samples for 
this abnormality. 

The finding of a disrupted IL-3 promotor associated with 
an otherwise normal IL-3 gene implied that this transloca- 
tion might lead to the over-expression of a normal H^3 gene 
product In this work, we have documented that this is true 
In addition, neither GM-CSF nor !L-5 argover-expressed by 
the leukemic cells. Furthermore, in one patient, serum IL-3 
could be measured and correlated with disease activity. To 
our knowledge, this is the first measurement of human IL-3 
in serum and its association with a disease process. The 
measurement of serum IL-3 in this and other clinical settings 
may now be indicated. 



The findmg of the IL-3 gene adjacent to a cancer- 
associated translocaUon breakpoint suggests that its activa- 
tion is important for oncogenesis. It is our thesis that an 
autocrine loop for H^3 is important for the evolution of this 
leukemia." The excessive IL-3 production that we have 
Documented would be one feature of such an autocrine loop 
The final proof of our thesis must await additional data In 
particular, from the study of additional clinical sampled it 
will be necessary to document that the IL-3 receptor is 
present on' the leukemic cells and that anti-IL-3 antibody 
decreases proliferation of the leukemia in vitro. 

An important aspect of this work is the suggestion of a 
therapeutic approach for this disease. If an autocrine loop for 
IL-3 can be documented in this disease, attempts to lower 
circulating IL-3 levels or block the interaction of IL-3 with 
its receptor may prove useful. Because it is also possible that 
the eosmophiha in these patients is mediated by the para- 
crine effects of leukeink-denved % 3, similar interventions 
may-improve this aspect of the disease. Antibodies or " 
engineered ligands to accomplish these goals may soon be 
available. 
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Clinical and Pathologic Significance of the 
oerbB-2 (HER-2/neu) Oncogene 

Timothy P. Singleton and John G. Stickler 



The o-er&B-2 oncogene was first shown to have clinical significance in 1987 by 
Slamon et al, TO who reported that oerbB-2 DNA amplification in breast carcino- 
mas correlated with decreased survival in patients with metastasis to axillary 
lymph nodes. Subsequent studies, however, of c-erfcB-2 activation in breast 
carcinoma reached conflicting conclusions about its clinical significance. This 
oncogene also has been reported to have clinical and pathologic implications in 
other neoplasms. Our review summarizes these various studies and examines 
the clinical relevance of c-erfcB-2 activation, which has not been emphasized in 
recent reviews.** ^ Th e mo lecular biology of the c-erfcB-2 oncogene has been 
extensively reviewed 37 * 39 ' 55 and will be discussed only briefly here. 



BACKGROUND 

The c-erfeB-2 oncogene was discovered in the 1980s by three lines of investiga- 
tion. The neu oncogene was detected as a mutated transforming gene in 
neuroblastomas induced by ethylnitrosurea treatment of fetal rats-^^The c- 
erbB-2 was a human gene discovered by its homology to the retroviral gene v- 
erbB*& * HER-2 was isolated by screening a human genomic DNA library for 
homology with v-erbB™ When the DNA sequences were determined subse- 
quently, oeriB-2, ifJBK-2, and neu were found to represent the same gene. 
Recently, the c-erWB-2 oncogene also has been referred to as NGL. 

The c-erfcB-2 DNA is located on human chromosome 17q21 M '»- 66 and codes 
for c-erfcB-2 mBNA (4.6 kb), which translates c-erfcB-2 protein (pl85). This 
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protein Is a normal component of cytoplasmic membranes. The oerAB-2 
oncogene is homologous with, but not identical to, c-erbB-1, which is located 

• • • on chromosome 7 and codes for the epidermal growth factor receptor. ** m The c- 

er&B-2 protein is a receptor on cell membranes and has intracellular tyrosine 
kinase activity and an extracellular binding domain. *• 108 Electron microscopy 
]ji , with a polyclonal antibody detects oerbB-2 inununoreactivity on cytoplasmic 

i U ' membranes of neoplasms, especially oh microvilli and the non-villous outer cell 

: J membrane. 61 In normal cells, immunohistochemical reactivity for c-eriB-2 is 

frequently present at the basolateral membrane or the cytoplasmic membrane's 
brush border. 28 * 6 * 

Hiere is experimental evidence that c-er&B-2 protein may be involved fa 
the pathogenesis of breast neoplasia. Overproduction of otherwise normal c- 
erbB-2 protein can transform a cell line into a malignant phenotype.* 6 Also, 
when the neu oncogene containltijfafi activating point mutation is placed in 
transgenic mice with a strong promoter for increased expression, the mice 
develop multiple independent mammary adenocarcinomas. 18 ' 63 In other experi- 



] ments, monoclonal antibodies against the neu protein inhibit the growth (in 

\$ ; - nude mice) of a neu-transformed cell line,* 6 -* 8 and.immunization of mice with 



j 1 jj ' bilateral breast neoplasms, both lesions have similar patterns of c-erfcB-2 activa- 

\\i •! , tion, but only a few such pases have been studied. 11 



MECHANISMS OF c-erdB-2 ACTIVATION 



The most common mechanism of c-erfcB-2 activation is genomic DN A amplifica- 
tion, which almost always results in overproduction of c-eriB-2 mBNA and 
protein, lT ' a4 ' 65 - 81 The c-erfcB-2 amplification may stabilize the overproduction of 
'4 jj mKNA or protein through unknown mechanisms. Human breast carcinomas 

|:t n ; with c-er&B-2 amplification contain 2 to 40 times more c-erfcB-2 DNA 4 * 3 and 4 to 

i : ;i : 128 times more c-erfcB-2 mBNA 34 * 90 than found in normal tissue. Most human 

|| !j breast carcinomas with c-erfcB-2 amplification have 2 to 15 times more c-ertB-2 

;| i ; DNA. Tumors with greater amplification tend to have greater overproduc- 

}&f tion. 17 * 5265 The non-mammary neoplasms that have been studied tend to have 



1 



1 I 



^ neu protein protects them from subsequent tumor challenge with the neu- 

£?; transformed cell line. M Some authors have speculated that the use of antago- 

nists for the unknown ligand could bo useful in future chemotherapy. 85 Further 
review of this experimental evidence is beyond the scope of this article. 

The o-erfcB-2 activation most likely occurs at an early stage of neoplastic 
If 6 . , development. This hypothesis is supported by the presence of c-er6B-2 activa- 

»!•;..'! tion in both in situ and invasive breast carcinomas. In addition, studies of 

\ * 1 . metastatic breast carcinomas usually demonstrate uniform c~er&B-2 activation 

at multiple sites in the same patient,"' 1 *- 39 - 41 '** although c-€r&B-2 activatioh has » 
rarely been detected in metastatic lesions but not in the primary tumor; 57 ' 60101 
Even more rarely, c-er&B-2 DNA amplification has been detected in a primary 
breast carcinoma but not in its lymph node metastasis. 6 In patients who have 
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similar levels of c-erbB-2 amplification or overproduction relative to the corre- 
sponding normal tissue. 

The second most common mechanism of oeriB-2 activation is overproduc- 
tion of oerbB-2 mRNA and protein without amplification of o-eriB-2 DNA, 61 
The quantities uf mRNA and protein usually are less than those in amplified 
cases and may approach the small quantities present in normal breast or other 
tissues. 17 * 505 * The c-erfeB-2 protein overproduction without mRNA overproduc- 
tion or DNA amplification has been described in a few human breast carcinoma 
cell lines. 47 

Other rare mechanisms of c-eriB-2 activation have been reported. Translo- 
cations involving the c-er&B-2 gene have been described in a few mammary and 
gastric carcinomas, although some reported cases may represent restriction 
fragment length polymorphisms or incomplete restriction enzyme digestions 
that mimic translocations. 31 ' 65 ' 7 ^^ 108 A sitlgle point mutation in the transmem- 
brane portion of neu has been described in rat neuroblastomas induced by 
ethylnitrosurea^The mutated neu protein has increased tyrosine kinase activ- 
ity and aggregates at the cell membrane, n-* 3 * 88 Although there has been specula- 
tion that some of the amplified c-er6B-2 genes may contain point mutations, 46 
none has been detected in primary human neoplasms. ''W 81 

TECHNIQUES FOR DETECTING C-erbB-2 ACTIVATION 
Detection of c-er5B~2 DNA Amplification 

Amplification of oerbB-2 DNA is usually detected by DNA dot blot or South- 
ern blot hybridization. In the dot blot method, the extracted DNA is placed 
directly on a nylon membrane and hybridized with a c-erfcB-2 DNA probe. In 
the Southern blot method, the extracted DNA is treated with a restriction 
enzyme, and the fragments are separated by electrophoresis, transferred to a 
nylon membrane, and hybridized with a c-erfcB-2 DNA probe. In both tech- 
niques, c»er&B-2 amplification is quantified by comparing the -intensity (mea- 
sured by densitometry) of the hybridization bands from the sample with those 
from control tissue. 

Several technical problems may complicate the measurement of c-erfcB-2 
DNA amplification. First, the extracted tumor DNA may be excessively de- 
graded or diluted by DNA from stromal cells, 81 Second, the e*r6B-2 DNA 
probe must be carefully chosen and labeled. For example, oligonucleotide c- 
er&B-2 probes may not be sensitive enough for measuring a low level of c-er&B- 
2 amplification, because diploid copy numbers can be difficult to detect (unpub- 
lished data). Third, the total amounts of DNA in the sample and control tissue 
must be compensated for, often with a probe to an unamplified gene. Many 
studies have used control probes to genes on chromosome 17, the location of c- 
erbB-2, to correct for possible alterations in chromosome number. Identical 
results, however, are obtained by using control probes to genes on other chro- 
mosomes, 6 ^ 80 with rare exception. 17 Studies using control probes to the beta- 
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globin gene must be interpreted with caution, because one allele of this gene is 

deleted occasionally In breast carcinomas. 3 t 

Amplification of c~erbB-2 DNA was assessed by using the polymerase > 

chain reaction (PCR) in one recent study, 32 Oligoprimers for the gene 1 

and a control gene are added to the sample s DNA, and PCR is performed. If \ 

the sample contains more copies of c-erfcB-2 DNA than of the control gene, the ^ 

c-erfcB-2 DNA is replicated preferentially. i r 



i 



Detection of c-erbB-2 mRNA Overproduction 

Overproduction of c-erfcB-2 mRNA usually is measured by RNA dot blot or \ 
Northern blot hybridization. IJoth techniques require extraction of RNA but \ 
otherwise are analogous to DNA dot blot and Southern blot hybridization. Use 
of PCR for detection of c-fcrfcB-2 mRNA hacbeen described in two recent 
abstracts. 6 ** 0 * 

Overproduction of c-er&B-2 mRNA can be measured by in sku hybridiza- 
tion. Sections are mounted on glass slides, treated with protease, hybridized 
with a radiolabeled probe, washed, treated with nuclease to remove unbound 
probe, and developed for autoradiography. Silver grains are seen only over 
tumor cells that overproduce c-er&B-2 mRNA. Negative control probes are 
used. 65 '"* 108 Our experience indicates that these techniques are relatively insensi- ({ 
tive for detecting oerbB-2 mRNA overproduction in routinely processed tisr f 
'I?/ sue. Although the sensitivity may be increased by modifications that allow | 

;[ - ; simultaneous detection of c-er&B-2 DNA and mRNA, in situ hybridization still | \ 

: (: <i is cumbersome and expensive (unpublished data). | ; 

; • All of the above oerfcB-2 mRNA detection techniques have several prob- J ! 

lems that make them more difficult to perform than techniques for detecting J* 
, DNA amplification. One major problem is the rapid degradation of RNA in | 
; j \ tissue that is not immediately frozen or fixed. In addition, during the detection 5 ? \ 

j * ! procedure, RNA can be degraded by RNase; a ubiquitous enzyme, which must | J ; 

| be eliminated meticulously from laboratory solutions. Third, control probes to * \ 

{ i : genes that are uniformly expressed in the tissue of interest need to be carefully £ \ 

: p » selected. T - 7 f) 

■5: . \\ 

* Detection of c-eri>B-2 Protein Overproduction .{ ; 



The most accurate methods for detecting c-erbB-2 protein overproduction are Sj { 

the Western blot method and immunoprecipitation. Both techniques can docu- f ! 

ment the binding specificity of various antibodies against c-eri?B-2 protein. In 1 1 

\- s Western blot studies, protein is extracted from the tissue, separated by electro- I 1 

* \ phoresis (according to size), transferred to a membrane, and detected by using an- f - 

1 s tibodies to c-6r&B-2. In immunoprecipitation studies, antibodies against c-er&B- f ; 

• : j 2 are added to a tumor lysate, and the resulting protein-antibody precipitate is | i 

: | separated by gel electrophoresis and stained for protein. Both Western blot and 4 i 

\ > immunoprecipitation are useful research tools but currently are not practical for | j 

W diagnostic pathology. TWo recent abstracts have described an enzyme-linked $1 

s } j immunosorbent assay (ELISA) for detection of c-erfcB-2 protein. K 1 
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ACTIVATION OF c-erf>B-2 IN BREAST LESIONS 
Incidence of c-erbB-2 Activation 

Most studies of c-erfcB-2 oncogene activation do not specify histological sub- 
types of infiltrating breast carcinoma. Amplification of c-erfcB-2 DNA was found 
in 19.1 percent (519 of 2715) of invasive carcinomas in 25 studies (Table 1), and 
iyerbB-2 raRNA or protein overproduction was detected in 20.9 percent (566 of 
2714) of invasive carcinomas in 20 studies. Twelve studies have documented c- 
fcr&Br2 mRNA or protein overproduction ih 15 percent (88 of 604) of carcinomas 
that lacked c-erbB-2 DNA amplification. 

The incidence of c-ertB*2 activation in infiltrating breast carcinoma varies 
with the histological subtype. Approximately 22 percent (142 of 650) of infiltrat- 
ing ductal carcinomas have c-erfeB-2 activation, as expected from the above 
data. Other variants of breast carcinoma with frequent oerbB-2 activation are 
inflammatory carcinoma (62 percent, 54 of 87), Paget's disease (82 percent, 9 of 
11), and medullary carcinoma (22 percent, 5 of 23). In contrast, c-erf>B-2 activa- 
tion is infrequent in infiltrating lobular carcinoma (7 percent, 5 of 73) and 
tubular carcinoma (7 percent, 1 of 15), 

The oerbB-2 protein overproduction is present in 44 percent (44 of 100) of 
ductal carcinomas in situ and especially comedocarcinoma in situ (68 percent, 
49 of 72). The micropapillary type of ductal carcinoma in situ also tends to have 
c-erfcB-2 activation, 40 **' 68 especially if larger cells are present. The. greater fre- 
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Overproduction of c-erfcB-2 protein is most commonly assessed by various 
immunohistochemical techniques. These procedures often generate conflicting 
results, which are explained at least partially by three factors. First, various 
studies have used- different polyclonal arid monoclonal antibodies. Because 
some polyclonal antibodies recognize weak, bands in addition to the c-erfcB-2 
protein band on Western blot or immunoprecipitatlon, the results of these 
studies should be interpreted with caution. 22 ' 3 * 47 ' 61 Even some monoclonal anti- 
bodies immunoprecipitate protein bands in addition to c-erbB-2 (plSS). 30 ' 5 * 88 
Second, tissue fixation contributes to variability between studies. For example, -j 
some antibodies detect c-er£B-2 protein only in frozen tissue and do not react 
in fixed tissue: In general, formalin fixation diminishes the sensitivity of 
immunohistochemical methods and decreases the number of reactive cells. 81 ' 86 
When Bouins fixative is used, there may<be a hij^e^percejatage of positive 
cases," Third, minimal criteria for interpreting immunohistochemical staining . 
are generally lacking. Although there is general agreement that distinct crisp 
cytoplasmic membrane staining is diagnostic for c-eriB-2 activation in breast 
. carcinoma, the number of positive cells and the staining Intensity required to 
diagnose oerbB-2 protein overproduction varies from study to study and from 
antibody to antibody. Degradation of c-erbB-2 protein is not a problem because 
it can be detected in intact form more than 24 hours after tumor resection 
without fixation or freezing. 04 
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quency of e-erfcB-2 protein overproduction in comedocarcinoma in situ, com- 
pared with infiltrating ductal carcinoma, could be explained by the fact that 
many infiltrating ductal carcinomas arise from other types of intraductal carci- 
noma, which show e-er6B-2 activation infrequently. Others have speculated 
that carcinoma in situ with c-er&B-2 activation tends to regress or to lose c- 
erbB-2 activation during progression to invasion. 40 ^ 62 Infiltrating and in situ 
components of ductal carcinoma, however, usually are similar with respect to o 
erbB~2 activation, 1139 although some authors have noted more heterogeneity of 
the immunohistochemical staining pattern in invasive than in in situ carci- 
noma, Activation ofc-erfcB-2 is infrequent in lobular carcinoma in situ. If 
lesions contain more than one histological pattern of carcinoma in situ, the c- 
erfcB-2 protein overproduction tends to occur in the comedocarcinoma in situ 
but may include other areas of 'carcinoma in situ. 42 * 5 * 6 * Overproduction of-c- 
er&B-2 protein in ductal carcinoma in situ correlates with larger cell size and a 
periductal lymphoid infiltrate. 08 

Activation of c-er&B-2 has not been identified in benign breast lesions, 
including fibrocystic disease, fibroadenomas, and radial scars (Table 2). Strong 
membrane immunohistochemical reactivity for c-erfcB*2 has not been described 
In atypical ductal hyperplasia, although weak accentuation of membrane staining 
has been noted infrequently, aww In normal breast tissue, c-er*B-2 DNA is 
diploid, and c-er6B-2 is expressed at lower levels than in activated tumors, 3 ** 35 * 65 ' 8 * 

These preliminary data suggest that c-erbB-2 activation may not be useful 
for resolving many of the common problems in diagnostic surgical pathology. For 
example, o-erfrB-2 activation is infrequent in tubular carcinoma and radial scajrs. 
In addition, because e*rfrB-2 activation is unusual in atypical ductal hyperplasia, 
cribriform carcinoma in situ, and papillary carcinoma in situ, detection of c-er&B- 
2 activation in these lesions may not be helpful in their differential diagnosis. The 
histological features of comedocarcinoma in situ, which commonly overproduces 
c-er&B~2, are unlikely to he mistaken for those of benign lesions. Activation of 



TABLE 2. ACTIVATION IN BENIGN HUMAN BREAST jjSSjgNS 





C*erbB-2 DNA 


c-erbB-2 mRNA 


oerftB-2 Protein 


Histological Diagnosis 


Amplification 9 


Overproduction 


Overproduction 


Fibrocystic disease 


0/1 0* 




0/32W.a/9/»0/B» 


Atypical ductal hyperplasia 






2(weak)/21 * 
1(cyioplasmlo)/13» 


Benign ductal hyperplasia 






0/1 2*» 


Sclerosing adenosis 






0/4» 


Fibroadenomas 


o/ie.*o/6.w 

0/2" 0/1" 


0/6 0/3*4 


0/21°* 0/10" 
0/8,»0/3« 


Radial scars 






Q/22 3 * 


Blunt dud adenosis 






0/1 4* 


breast mastosls" 




0/3* 





"Shown as number ef cases with acUvatlontournoer ol cases studied; reference Is given as a superscript. 
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c-erZrB-2, however, does favor infiltrating ductal carcinoma over infiltrating 
lobular carcinoma. Further studies of these issues would be useful. 

Correlation of c-ertB-2 Activation With Pathologic Prognostic Factors 

Multiple studies have attempted to correlate oerbB-2 activation with various 
pathologic prognostic factors (Table 3). Activation of c-erfcB r 2 was correlated 
with lymph node metastasis in 8 of 28 series, with higher histological grade in 6 
of 17 series, and with higher stage in 4 of 14 series. Large tumor size was riot 
associated with c-erfcB-2 activation in most studies (11 of 14). Tetraploid DNA 
content and low proliferation, measured by Ki-67, have been suggested as 
prognostic factors and may correlate with <*er&B-2 activation. 6 - 7 

Correlation of c-eri>B-2 Activation With Clinical Prognostic Factors 

Various studies have attempted also to correlate c-erfcB-2 activation with clinical 
features that may predict a poor outcome (Tabje 4). Activation of c-erMB-2 
correlated with absence of estrogen receptors in 10 of 28 series and with ab- 
sence of progesterone receptors in 6 of 18 series. In most studies, patient age 
did not correlate with c-er&B-2 activation, and, in the rest of the reports, c- 
erfcB-2 activation was associated with either younger or older ages. 

Correlation of c-erfcB-2 Activation With Patient Outcome 

Slamon et apw* first showed that amplification of the c-erbB-2 oncogene inde- 
pendently predicts decreased survival of patients with breast carcinoma. The 
correlation of oerbB-2 amplification with poor outcome was nearly as strong as 
the correlation of number of involved lymph nodes with poor outcome. Slamon 
et al also reported that c-ertB-2 amplification is an important prognostic indica- 
tor only in patients with lymph node metastasis. 70 * 81 

A large number of subsequent studies also attempted to correlate c-eriB-2 
activation with prognosis (l&ble 5). In 12 series, there was a correlation be- 
tween c-er&B-2 activation and tumor recurrence or decreased survival. In five 
of these series, the predictive value of c-erfeB-2 activation was reported to be 
independent of other prognostic factorsr-ln contrast, 18 series did notconfinn 
the correlation of c-erfcB-2 activation with recurrence or survival. Four possible 
explanations for this controversy are discussed below. 

One problem Is that c-erfcB-2 amplification .correlates with prognosis 
mainly in patients with lymph node metastasis. As summarized in Table 5, most 
studies of patients with axillary lymph node metastasis showed a correlation of 
c-erfcB-2 activation with poor outcome. In contrast, most studies of patients 
without axillary metastasis have not demonstrated a correlation with patient 
outcome. Tablet 6 summarizes the studies in which all patients (with and with- 
out axillary metastasis) were considered as one group. There is a trend for 
studies with a higher percentage of metastatic cases to show an association 
between c-erfcB-2 activation and poor outcome. Thus, most of the current 
evidence suggests that c-erfcB-2 activation has prognostic value only in patients 
with metastasis to lymph nodes. 
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TABLE 6, CORRELATION OP wrtM ACTIVATION WfTH OUTCOME IN PATIENTS 
WITH BREAST CARCINOMA 



Number of Patterns 





Tyjwof 

c-erfcB-2 
Activation 6 


Tote/ 


With 
Metastases to 

Axillary 
Lymph Nodes 


NO 
Metastasis 


Statistical 
Analysis 0 


Reference 


<0.05 


DNA 


176 






M 


87 


<6.os 


DMA 


61 






u 


GO 


<0.05 


DNA 


57 






u 


65 


<0.05 


DNA 


41 






u 


93 


<aos 


mRNA 


62 






u 


65 


<0.05 


Protein 


102 






M u-- 


10V 


<0,05 


DNA 




345 




M 


81 


<0.05 


DNA 




120 




U 


17 


<0.05 


DNA 




91 




u 


87 


<0.05 


DNA 




86 




M 


79. 


<0.05 


Protein- WB 




350 




M 


85 


<0.05 


Protein 




62 


44 


U 


101 


0,05-0.15 


DNA 


67 






u 


111 


0,05-0,15 


Protein 


189 






M 


92 


0.05-0.15 


Protein 




120 




U 


86 


>0,15 


DNA 


130 






u 


113 


>0.15 


DNA 


122 






M 


4 


>0.15 


DNA 


50 






U 


44 


>0.1S 


mRNA 


57 






u 


50 


>0.15 


Protein 


290 






M 


86 


>0.15 


Protein 


195 






U 


11 


>0.15 


Protein 


102 






u 


39 


>0.15 


Protein 




137 




u 


17 


>0,15 


DNA 






181 


M 


81 


>0.15 


DNA — 






159 . 


u 


fr 


>0.15 


DNA 






73 


u 


w 


>0.15 


Proteln-WB 






378 


u 


85 


>0.1$ 


ProtelrvWB 






192 


u 


17 


>0,15 


Protein 






141 


u 


86 


>0.15 


Protein 






41 


u 


40 



*The endpolnts of these studies were tumor recurrence or deceased survive) or both. Correlation between o- 
erbB* activation and a poorer patient outcome Is statistically significant at <0.0$, Is of equivocal 8lgnWcanoe 
al 0.05 to 0.16, and la not significant at >0.16. 

°Snown as variable measured. Letters -WB' indicate assay by Western blot: the other protein studtea used 
Immunohistochemlcal methods. 

C M «- multivariate statistical analysis; U « univariate statistical analysis. 



A 01U ZUO.&U'/l inku e. 



o o 



o-erfrM ONCOGENE 



177 



^!SE!I rTAQE ° F BREAST CARCINOMAS WfTH METASTASIS COMPARED 
WTTH PROGNOSTIC SIGNIFICANCE OF c-e/bB-2 ACTIVATION 



% of tumors with 
lymph node 
metastasis In 
each study 



70- 



80- 



50 



40- 



71 (DNA)» 



01 (DNA)*> 

69 (DNA)* 
58(Proteln)" 



64<DNA)'ii 



42(ProtBki) a 2 



+ 



P<0.05 



+ 



0,05<P<0.16 



64 (mRNA) a 
61{DNA)< 



68(DNA)« 

57(DNA)«» 

55(Protetn)» 

48(pfoleIn)i' 
46(pfoieln) to 



— I 

p>o:ie 



P for correlation of c-erbB-z activation with pallent outcome, 

Each study's percentage of breast carcinomas with metastasis b compared w«h the corretefion batmen c 
erae-2 activation and outcome. These data Include only those studies lhat considered, as onegroup, aS breast 
cancer patterns, whether or not they had axfflary metastasis. Supeiscrtpts are the references. In parentheses 
are the types or c-ert>8-2 activation, p values are Interpreted as In Table 3. 



A second problem is that various types of breast carcinoma are grouped 
together in many survival studies. Because the current literature suggests that 
c-er&B-2 activation is infrequent in lobular carcinoma, studies that combine 
infiltrating ductal and lobular carcinomas may dilute the prognostic effect of c- 
erbB-2 activation in ductal rumors, In addition, most studies do not analyze 
inflammatory breast carcinoma separately. This condition frequently shows c- 
erfcB-2 activation and has a worse prognosis than the usual mammary carci- 
noma, but it is an uncommon lesion. 

A third potential problem is the paucity of studies that attempt to correlate 
c-erfcB-2 activation with clinical outcome in subsets of breast carcinoma without 
metastasis. TWo recent abstracts reported that in patients without lymph node 
metastasis who had various risk factors for recurrence (such as large tumor size 
and absence of estrogen receptors), c-erbB-2 overexpression predicted early 
recurrence, 23 ^ In patients with ductal carcinoma in situ, one small study found 
no association between tumor recurrence and c-erfcB-2 activation, 40 

A fourth problem is the laclc of data regarding whether the prognosis 
correlates better with c^rfoB-2 DNA amplification or with mKNA or protein 
overproduction. Most studies that find a correlation between c-er*B-2 activa- 
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* 
I 

Hon and poor patient outcome measure DN A amplification (Table 5), \ 

and breast carcinoma patients with greater amplification of c-erbB-2 may have I 
poorer survival^ 1 Receht studies suggest that ampliflcatton has more prognos- I 
tic power than overproduction, 1 ™** b ut ^ c \ Mca \ significance of c-erfeB-2 
overproduction without DNA amplification deserves further research. 178 * Few 
studies have attempted to correlate patient oufcbme with o-eriB-2 mRNA 
overproduction, and many studies of c-erfcB-2 protein overproduction use rela- 
tively less reliable methods such as fanraunohistochemicai studies with poly- I 
clonal antibodies. 

Comparison of c-ertB-2 Activation With OtherOncogenes In 
Breast Carcinoma 

Other oncogenes that may have prognostic implications in Jumum breast cancer 
are reviewed elsewhere. 71 . 1 * Hiis section will be restricted to a comparison 
between the clinical relevance of c-er6B-2 and these other oncogenes. 

the c-mpc gene is often activated in breast carcinomas, but c-rnyc activa- 
tion generally has less prognostic importance than c-erfcB-2 activation, *wvwi.w " 
One study found a correlation between increased mRNAs of c-*riB-2 and c- 
myc, although other reports have not confirmed this.".** Subsequent research, 
however, could demonstrate a subset of breast carcinomas in which c-myc has 
more prognostic importance than c-eriB-2. 

The gene c-er&B-l for the epidermal growth factor receptor (EGFR) is 
homologous with c-erfeB-2 but is infrequently amplified in breast carcinomas .» 
Overproduction of EGFR, however, occurs more frequently than amplification 
and may correlate with a poor prognosis. In studies that have examined both c^ \ 
crtB-2 and EGFR in the same tumor, c-eriB-2 has a stronger correlation with * 
poor prognostic factors.^** Studies have tended to show no correlation between 
amplification of o*r&B-2 and *erbB-I or overproduction of c-eriB-2 and EQFR, 
although at the molecular level EGFR mediates phosphorylation of <MjriB~2 
protein. 51 .«.«.8B.i« n ecent reviews describe EGFR in breast carcinoma.** 10 * 

. The genes c~erbA and ear-1 are homologous to the thyroid hormone recep- 
tor, and they are located adjacent tord^riB*e on chromosome 17. These gene? * ■ 
are frequently coamplified with c-erbB-2 in breast carcinomas. The absence of 
c-erbA expression in breast carcinomas, however, is evidence against an impor- i 
tant role for this gene in breast neoplasia. « Amplification of c-erbB-2 can occur ' 
without ear-1 amplification, and these tumors have a decreased survival that is 
similar to tumors with both c-erbB-2 and car-1 amplification. 87 Consequently, 
c-erfeB-2 amplification seems to be more important than amplification of oerbk 
orear-1. 

Other genes also have been compared with c-erbB-2 aotivation in breast 
carcinomas. One study found a significant correlation between increased o-erbB- 
2 mRNA and increased mRNAs of/o$, platelet-derived growth factor chain A, 
and Ki-TYw.u* Allelic deletion of o-Ha-ro* may indicate a poorer prognosis in 
breast carcinoma, 81 but it has not been compared with c-erbB-2 activation. Some 
studies have suggested a correlation between advanced stage or recurrence of 
• breast carcinoma and activation of any one of several oncogenes."."* 
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ACTIVATION OF c-erAB-2 IN NON-MAMMARY TISSUES 

Incidence of c-eribB-2 Activation in Non-Mammary Tissues 

Table 7 summarizes the normal tissues in which c-erbB-2 expression has been 
detected, usually with raunupohistochemica] methods using polyclonal anti- 



TABLE 7. PRESENCE OR ABSENCE OF CrerkB-2 mRNA OR oerbB-2 PROTEIN IN 
NORMAL HUMAN TISSUES 



Tissues With 
c-erbB-2 
mRNA 



Tissues Producing 
oe/bB-2 Protein 8 



Tissues Lacking 
mRNA 



Tissues Lacking 
oerbB-2 Protein 



SklrfM 



Stomach 24 

Jejunum 84 

Colon 24 

Kidney 24 



Uver 24 



Lung 24 



Fetal brain" 

Thyroid* 
Uterus 24 



Placenta 24 



Epidermis 56 
External root sheath* 
Eocrtne sweat gland 60 
Fetal oral mucosa 62 
Fetal esophagus* 
Stomach 2 *** 
Fetal Intestine"* 
Small intestine 22 ^ 62 
Coton 22 * 2 
Fetal kidneys 

Fetal proximal tubule" 
Distal tubule* 2 
Fetal collecting duct" 
Fetal renal pelvis 02 
Fetal ureter 82 



Kidneys' 64 



Pancreatic acini 22 
Pancreatic ducts* 2 * 62 
Endocrine ceUe of Islets 
of Langerhans 22 

Fetal trachea 62 . 
Fetal bronchioles 62 "** 
Bronchioles" 



Fetal ganglion cells 62 



Ovary" 

Blood vessels 42 



Postnatal oral mucosa 62 



Qtorperulue? 

Postnatal Bowman's capsule 62 
Postnatal proximal tubule 62 

Postnatal collecting duct 62 
Postnatal renal pelvis 62 
Postnatal fetal ureter 62 
Uver 42 * 



Pancreatic Islets 62 

Postnatal trachea 62 
Postnatal bronchioles 62 

Postnatal alveoli 62 * 6 
Postnatal brain 62 
Postnatal ganglion cells 62 



Endothelium 62 

Adrenocortical cells 62 
Postnatal thymus 62 
Fibroblasts 62 
Smooth muscle cells 62 
Cardiacs muscle cells* 2 



This protein study used Western blots; the rest used tmmurwhlstocrmmteaj methods. 
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bodies. Only a few studies have been performed, and some of these do not 
demonstrate convincing cell membrane reactivity in the published photo- 
graphs. The interpretations in these studies, however, are listed, with the 
caveat that these findings should be confirmed by immunoprecipitation or 
Western or RN A blots. Production of <H?r&B-2 has been identified in normal 
epithelium of the gastrointestinal tract and skin. Discrepancies regarding c- 
erbB-2 protein in other tissues could be due, at least in part, to differences in 
techniques. 

The data on c-erfcB-2 activation in various non-mammary neoplasms 
should be interpreted with caution, because only small numbers of tumors have 
been studied, usually by immunohistochemical methods using polyclonal anti- 
bodies. Studies using cell lines have been excluded, because cell culture can 
induce amplification and overexpression of other genes, although this has not 
' been documented for oeriB-2. * 

Activation of c-eriB-2 has been identified in 32 percent (64 of 203) of 
ovarian carcinomas in eight studies (Table 8). One abstract 45 stated that ovarian 
carcinomas contained significantly more c-eriB-2 protein than ovarian non- 
epithelial malignancies. Another report 81 showed that 12 percent of ovarian 
carcinomas had c-er&B-2 overproduction without amplification. 

Activation of c-erfcB-2 has been identified in 20 percent (40 of 198) of 
gastric adenocarcinomas in seven studies, including 33 percent (21 of 64) of 



TABLE 8. *«rt>M ACTIVATION IN HUMAN CYNECOLOGiC TUMORS* 







c-er6B-2 


c-eroB'2 






mRNA 


Protein 




c-ortB-2 DMA 


Over* 


Over- 


Tumor Type 


Amplification 


production 


p reduction 


Ovary— carcinoma, not otherwise 


31/120 « 1/11 * 


23/6?* 1 


23/73,'z 


specified 




36/72M 




0/2,^0/1 «• 






Ovary— serous (papillary) carcinoma 


2tf.no i/7,»*rj/6« 






iOvary — endometrioid carcinoma- - - 


0/3 nr * 






Ovary— mucinous carcinoma 


1/2,110 0/172 






Ovary— clear ceil carcinoma 


0/2^1120^72 






Ovary— mixed epithelial carcinoma 


0/2* 






Ovary— endometrioid borderline tumor 


0/1* 






Ovary— mucinous borderline lumor 


0/3" 






Ovary— serous oyetadenoma 


0/4" 






Ovary— mucinous cy6tadenoma 


072^ 






Ovary— sclerosing stromal tumor 


o/i 72 






Ovary— flbrothecoma 


0/1" 






Uterus— endometrial adenocarcinoma 


0/4 w 0/1 «'« 







•Shown as number ot cases with amplification [or overprodudkmKtolal number of cases studied; reference fs 
given as superscript All protein studies used immunohistochemical methods. 
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Intestinal or tubular subtypes and 9 percent (4 of 47) of difiuse or signet ring cell 
subtypes (Table 9). Activation of o-erbB-2 has beeg deteoted in 2 percent (6 of 
281) of colorectal carcinomas, although an additional immunohistochemical 
study detected oerbB-2 protein in seven of eight tissues fixed in Bouins solu- 
tion. One study found greater immunohistochemical reactivity for o-eriB-2 
protein in colonic adenomatous polyps than in the adjacent normal epithelium, 
using Bouin s fixative. Lesions with anaplastic features and progression to inva- 
sive carcinoma tended to show decreased immunohistochemical reactivity for c- 
erbB-2 protein. 2 * Hepatocellular carcinomas (12 of 14 cases) and cholangioearci- 
nomas (46 of 63 cases) reacted with antibodies against c^riB-SS in one study, but 
some of these "positive" cases showed only difiuse cytoplasmic staining, which 



TABLE a *erbB-2 ACTIVATION IN HUMAN GASTROINTESTINAL TUMORS- 



Tumor Type 



C-e/fcB-2DNA 
Amplification 



c-erbB-2 
Protein 
Over- 
production 



Esophagus— squamous cell carcinoma 
Stomach— carcinoma, poorly differentiated 
Stomach — adenocarcinoma 

Stomach— carcinoma, intestinal or tubular type 
Stomaoh— carcinoma, diffuse or signet ring cell type 
Colorectum— carcinoma 



Colon— villous adenoma 
Colon — tubulovillous adenoma 
Colon— tubular Adenoma 
Colon— hyperplastic polyp 
Intestine— leiomyosarcoma 
Hepatocellular caidnoma — * 
Hepatoblastoma 
Cholanglocardnoma 
Pancreas— adenocarcinoma 
Pancreas— acinar carcinoma 
Pancreas— clear cell carcinoma 
Pancreas— large cell carcinoma 
Pancreas— signet ring carcinoma 
Pancreas— chronic Inflammation 



071 w 
0/22™ 

2/24 « 2/9,^2/6,111 
2/B» 0>1 « 

07210ft 

2/49.« 1/45,"' 

1/407*1/45* 

0/4O«0/32,w0/3 K 

0/1» 

0/S«» 

077«> 

0/1 «> 

0/1* 



on** 

4/27,»9/l6« 

16/64» 
4/45® 



19/19** 
0/1« 

12/147*072" 

46/63* 

0/1 41 
0/2*' 
0/3" 
0/1« 
0/14«* 



•Shown as number of cases with amplification (or overproductonVtotal number ol cases studied; reTerence Is 
given as superscript AD protein studies used ImmunoWstochemJcaJ methods, No studies analyzed tor o-e/6B- 

^Tissues fixed In Bouln'e solution, 

c On!y cases with distinct membrane staining are Interpreted as showing c-eroB* overproduction. 
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TABLE 10. c-erbB-2 ACTIVATION IN HUMAN PULMONARY TUMORS 9 









c-ertB-2 


Tumor Typo 




c-ert>B-2 DNA 


P/oteln 




Amplification 


Overproduction 


Non-small cell carcinoma 


2/607* 


0/60* 


1/84™ 


Epidermoid carcinoma 


0/13,0 


0/10," 0/6» 


3/5* 


Adenocarcinoma 


0/21,* 


1/13 »0/7,*« 0/7 *0/3«* 


4/12* 


Large cell carcinoma 


0/9,0 0 






SmaD cell carcinoma 






0/26 oq/3» 


Carcinoid tumor 


0/1« 




073» 



■Shown as number of cases with ampOffeaUon (or overproductlonytotal number of cases studied; referen ce Is 
given as eupeieoript AH protein studies used ImimmoWstochamlcaJ methods. No studies analyzed tor c-e/*B- 
2 mRNA. 



does not indicate c-erbB-2 activation in breast neoplasms.* Also, some pancre- 
atic carcinomas and chronic pancreatitis tissue had cytoplasmic immuriohisto-- 
chemical reactivity for c-erfcB-2 protein, in addition to the rare case of pancre- 
atic adenocarcinoma with distinct cell niembrane staining. 41 

Tables 10 through 14 summarize the studies of oarfcB-2 activation in other 
neoplasms. The c-er&B-2 oncogene is not activated in most of these tumors 
Activation of c-erfcB-2 has been detected in 1 percent (4 of 299) of pulmonary 
non-small cell carcinomas in nine studies, although one additional report 00 
found o-eriB-2 protein overproduction in 41 percent (7 of 17), Renal cell carci- 
noma had c-er£B-2 activation in 7 percent (2 of 30) in four studies. Overproduc- 
tion of c-erfcB-2 protein was described in one transitional cell carcinoma of the 
urinary bladder, a grade 2 papillary lesion." Squamous cell carcinoma and basal 
cell carcinoma of the skin may contain c-erfcB-2 protein, but it is not clear 
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TABLE 11. c-erbB-2 ACTIVATION IN HUMAN HEMATOLOGIC PROLIFERATIONS* 



*> 

Tumor Type 


— c*r*B-2DNA ~ 
Amplification 


c-ernB-2 
rpRNA 
Oveiw 
production 


c-ertB-2 
Protein 
Over- 
production 


Hematologic malignancies 


0/23 1 " 






Malignant lymphoma 


0/9,57 0/3107 


Q/1< 


0/15* 


Acute leukemia 


0/14* 






Acute lymphoblastic leukemia 


0/1 w 






Acute myeloblasts leukemia 


Ofcw 






Chronic leukemia 


0/1057 






Chronic lymphocytic leukemia 


0/6'w 






Chronic myelogenous leukemia 


0/8^ 






Myeloproliferative disorder 


0/1.*. 







•Shown as number of oases wHh amplification (or overproductlon^otal number of oases etudted; reference le 
given as superscript. All protein studies used tmmunohtetochenitea) methods. 



I 



u/v^'^uo x/ao r/iA oxu *uo oy/i 

0 



1WKU b 



@02O 
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TABLE 12. ACTtVATtOW IN HUMAN TUMORS OF SOFT TISSUE AMD B ONE' 

c-erWMDNA — — 
__ Tumor Type Amplification 



Sarcoma 


0/10," 1 0/8" 


Malignant fibrous Wsttooyi 


toma 0/1 «" 


Uposarcoma 




Pleomorphic sarcoma 


0/1^ 


Rhabdomyosarcoma 


ofi«* 


Osteogenic sarcoma 




Chondrosarcoma 


on™ 


Ewin^s sarcoma 




Schwannoma 


0/1 57 



■Shown as number of cases with amplification (or overproductlonytotal number of cases studied; reference Is 
given as superscript No studies analyzed for mRMA or c-erfrB-2 protein. 



whether the protein level is increased over that of normal sldri. 58 Thyroid 
carcinomas and adenomas can have low levels of increased c-erfcB-2 mRNA. 
One abstract, described low-level c-er&B-2 DNA amplification in one of ten 
salivary gland pleomorphic adenomas.** 

Correlation of c-erbB-2 Activation With Patient Outcome 

Very few studies have attempted to correlate oerbB-2 activation in non- 
mammary tumors with outcome.- Slamon et al M showed that c-er&B-2 amplifica- 
tion or overexpression in ovarian carcinomas correlates with decreased survival, 
especially when marked activation is present. However, they did not report the 
stage, histological grade, or histological subtype of these neoplasms. Another 
study of stages III and IV ovarian carcinomas found a correlation between 
decreased survival and c-erfcB-2 protein overproduction, but not between sur- 
vival and histological grade. l * One abstract stated that ceriB-2 protein overpro- 
duction in 10 of 16 pulmonary adenocarcinomas correlated with decreased 
disease-free interval.™ Another abstracXdescribed Mendency for mununohisto- 



TABLE 13. o-erfrB-2 ACTIVATION IN HUMAN TUMORS OF THE URINARY TRACT- 



Tumor Type 


o*r*B-2 DNA 
Amplification 


c-e/bB-2 
mRNA 
Over* 
production 


o*rb8-2 
Protein 
Qver« 
production 


Kidney— renal cell carcinoma 


1/5.^1/4,^0/5^ 


0/16™ 




Wilms* tumor 








Prostate — adenocarcinoma 






0/23" 


Urinary bladder-^carclnoma 






1/48» 



■Shown as number of cases with amplification (or ovemroo\jct1on)/total number of cases studied; reference Is 
given as superscript. An protein studies used Immunohlstochemical methods. 
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TABLE 14. ceroB-2 ACTIVATION IN MISCELLANEOUS HUMAN TUMORS 9 



Tumor Type . 


DNA 

Amplification 


oeroB-2 mRNA 
Overproduction 


c-er&B* 
Protein 
Over- 
production 


Skin — malignant melanoma 
ajufii nvaa ano nscK— squamous 
cell carcinoma 


077 1 * 7 




O/10» . 


Site not stated— squamous call 
carcinoma 


Q/8, 1 * 072* 






Saliva/y gland— adenocarcinoma 
Parotid gland— adenoid cyslje 
carcinoma 


1/t» 






- Thyroid— anaplastic carcinoma 
Thyroid— papillary carcinoma 
Thyroid— Adenocarcinoma 
Thyroid— adenoma 
Neuroblastoma 
Meningioma 


0/1 1 
0/5' 
071" 
0/21 

a/as,* ow on* ' 

0/2 57 


o/v ■ - - 

3(iow levels)/5i 
1(low levelfi)/2i 





atTT,^^^ 0 '^.^ ?T" ncatton ("werprodueuonjrtolal number of cases studied: refers we Is 
given as superscript All protein studies used Immunohlatochamloa) methods. 

chemical reactivity for cerbB-2 protein to correlate with higher grades of pros- 
tatic adenocarcinoma." Additional prognostic studies of ovarian carcinomas and 
other neoplasms are needed. 



SUMMARY 

Activation of the c-er£B-2 oncogene can occur by amplification of c-erfcB-2 
DNA and by overproduction of o-erb3-2 mRNA and protein. Appron- 

"St 20 percent of breast carcinomas shojy. evidence of «-erbBi2 activation, 
which correlates with a poor prognosis primarily in patients with metastasis to 
axillary lymph nodes. Studies that have attempted to correlate c-er&B-2 aotiva- 
tion with other prognostic factors in breast carcinoma have reported conflicting 
conclusions. Hie pathologic and clinical significance of c-eri.B-2 activation in 
other neoplasms is unclear and should be assessed by additional studies. 



REFERENCES 

1. Aasland R, LillehaugJR, Male R, et al. Expression of oncogenes in thyroid tumors: 
Coexpresslon of c-er*B27neo and c-eriB. Br] Cancer, 57:358, 1888 

2. AJdyaroa T, Sudo C, Ogawara H, et al. The product of the human c-ertB%2 gene: A 
185-kllodalton glycoprotein with tyrosine kinase activity. Science. 232:1644, 1986 



freraB-2 ONCOGENE 185 



ft 



All IV, Lidereau B Thefflet C, Callahan R. Reduction to homozygosity of genes on 
chromosome 11 in human breast neoplasia. Science. 238:186, 1987 
All IU, Campbell G. Lidereau R, Callahan R. Amplification of c-ef*B-2 and amres. 
sive human breast tumors. Science. 240:1705, 1088 

Ah IU, Campbell G, Udereau R, Callahan R. Laek of evidence for the prognostic 

afiuBBB 2 ^ * hutnan bwart Oncogene Res. 

S 1 ™, JW. DJ, Press MR HEB-2/neu oncogene expression end 

DNA plcJdy analysis m breast cancer. An* Pathol Lab Med. 114:184, 1000 

ZwL S R ? b £ SG ' Welnbei S DS ' et HER-2/»e« oncogene expression and 
proliferation in breast cancers. Am J Pathol 137:103, 1000 

Bargmann CI, Hung MC, Weinberg RA. The neu oncogene encodes an epidermal 
growth factor receptor-related protein. Nature. 310:226, 1986 
Bargmann CI. Hung MC, Weinberg RA. Multiple independent activations of .the 

SttS? to86 ' P ° lnt mUtati ° n dtering *° transmemW domttin «" P185. 

10. Bargmann CI. Weinberg RA. Oncogenic activation of the nen-encoded receptor 
protein by point mutation end deletion. EMBO J. 7:2043, 1988 

11. Barnes DM, Lammie GA, Millis RR, et al. An lmmimohlstochemical evaluation of 
c-erbB-2 expression in human breast carcinoma. Br J Cancer. 58:448 1088 
Berchuck A, Kamel A. Whitaker R, et al. Overexpression of HEB-2/neu is associated 
with poor survival in advanced epithelial ovarian cancer. Cancer Res. 50:4087 1090 
Berger MS, Locher GW, Saurer S, et al. Correlation of c-erbB-2 gene amplification 
and protein expression in human breast carcinoma with nodal status and nuclear 
grading. Cancer Res, 48:1238, 1088 

Beraards R, Destree A, McKenzie S, et aL Effective tumor immunotherapy di- 
rected against an oncogene-encoded product using a vaccinia virus vector. Proc Natl 
Acad Sci USA. 84:6854, 1987 «wm» 

15. Biunno I, Fozzi MR, Pierotti MA, et al. Structure and expression of oncogenes la 
surgical specimens of human breast carcinomas. Br J Cancer. 57:464 1988 

16. Borg A, Linell F, IdvaD I, et al. Her2lneu amplification and comedo type breast 
carcinoma. Lancet. 1:1268, 1989 

17. Borg A, Tendon AK. Sigurdsson H, et aL HER-2/neu amplification predicts poor 
survival in node-positive breast cancer. Cancer Res. 50:4332, 1990 
Bouchard L, Lamarre L, Tremblay PJUJolicoeur P, Stochastic appearance of mam- 
mary tumors in transgenic mice carrying the MMTV/c-new oncogene. CeB. 57:931, 
1989 . 

Carney WP, Retos C, Petit D, et al. Quantitation of the neu oncogene protein using 
a monoclonal antibody based Immunoassay (abstract). ModPathoL 3:15A, 1990 
Cline MJ, Battlfora H. Abnormalities ofprotooncogenes in non-small cell lungcancer: 
Correlations with tumor type and clinical characteristics. Cancer. 60:2669, 1987 
Cllne MJ, Battifora H, Yokota J. Proto-oncogene abnormalities in human breast 
cancer: Correlations with anatomic features and clinical course of disease. 7 Cftn 
Oncol 5:999, 1987 "»»«ase. / own 

Cohen JA, Weiner DB, More KF, et al. Expression pattern of the neu (NGL) gene- 
encoded growth factor receptor protein (pl85!»») in normal and transformed epithe- 
lial tissues of the digestive tract. Oncogene. 4:81, 1989 . 
23. Colnaghi MI, Miotti S, Andreola S, et al. New prognostic fectors in breast cancer 
(abstract). Am Assoc Cancer Res Ann Meeting. 30:230A, 1989 



12. 
13. 

14. 



18. 

19. 
20. 
21. 

22. 



x*/udtfwu* xciv 31U 2UB 5971 INFO 6 

o o 



1M T.P. SINGLETON AND J.G. STRICKLER 

24. ^u SS ensL,YaDg-FengTL, lJaoYC, € ld.^sine kinase receptor ^th extensive 

25. Di Ftore PP Pierce JH, Kraus MH, et al. erhB-2 is a potent oncogene when 
oc overerpressed in NIH/m cells. Science. 237:178, 1987 g ' 

26. Drebin JA. Link VC, Weinberg RA. Greene Ml. Inhibition of tumor growth by a 
^^^^^^aI's^w'zS^^MC "* oncogene-ehcoded tumor antigen. Proc Natl 

27. Drebin JA, Link VC, Greene MI. Monoclonal antibodies reactive with distinct 
domains of the neu oncogene-encoded pl85 molecule exert synergistic anti-tumor 
effects In vivo. Oncogene. 2:273, 1988 . . 

28. Drebin JA. Link VC, Greene MI. Monoclonal antibodies specific for the neu 
oncogene product directly mediate anti-tumor effects in vivo. Oncogene, 2:387, 

28 ' A G, , GuDlck ^t^ B - 2 ° nC ° 8ene P roduct sbWn 8 * adenfkarci- 

noma. An ioununohistochemical study. / Pathol 159:107, 1989 

3 °' M> Wfaget M ' ? ud * k HM ' « A CWerizatioD of murine monoclonal 

antibodies reactive to either the human epidermal growth factor receptor or HEBSJ 
neu gene product. Cancer Res. 50:1560. 1990 

31. Fontaine J, Tesseraux M, Klein V, et al. Gene amplification and expression of the 
,„ J" ^! „ ^ s ^ence in human mammary carcinoma. Oncology. 45:360, 1988 

32. Frye RA, Benz CC. Liu E. Detection of amplified oncogenes by differential poly- 
merese chain reaction. Oncogene. 4:1153, 1989 

33. l^kushige SI, Matsubam KI, Yosbida M, et al. Localization or a novel v-er*B- 
related gene. c-erbB-2; on human chromosome 17 and its amplification in a gastric 
cancer cell line. Mol Cell Biol 6:955. 1986 

34. Guerin M. Barrois M, Terrier MJ, et aL Overexpression of either c-myc or e-er*B-2/ 
neu proto-oncogenes in human breast carcinomas: Correlation with poor prognosis 
Oncogene Res, 3:21, 1988 8 

35. Guerin M, Gabfflot M, Mathieu MC, et al. Structure and expression of c-erbB-2 and 

receptor genes in inflammatory and non-inflammatory breast cancer: Prognos- 
tic significance. IntJ Cancer. 43:201, 1989 

36. Gullick WJ, Berger MS, Bennett PLP, et al. Expression or the ceroB-2 protein in 
normal and transformed cells. IntJ Cancer. 40:246, 1987 

37. Gullick WJ .Venter DJ. The c-er*B2 gene and its expression in human cancersr-Jn* 
ISimi 38^3 * *** M ° Ucukr Bioh M °f Cancer - Boston, Blackwell Sd 

38. Gullick WJ. Expression of the certB-2 proto-oncogene protein In human breast 
cancer. Recent Results Cancer Res. 113:51, 1989 

39. Gusterson BA, Machin LG, Gullick WJ, et al. cerbB-2 expression in benign and 
malignant breast disease. Br] Cancer. 58:453, 1988 

40. Gusterson BA Machin LG. Gullick WJ, etal. Immunohistochemical distribution of 

« Infiltrating and in situ breast cancer. IntJ Cancer. 42.842, 1988 

41. Hall PA, Hughes CM, Staddon SL. et al. The c-eriB-2 proto-oncogene in human 
pancreatic cancer. J Pathol. 161:195, 1990 

42. Hanna W, Kahn HJ, Andrulis 1, Pawson T. Distribution and patterns of staining of 

?^° aCOgene P roduct in and malignant breast diseases. Mod Pathol 3:455. 

1990 

43. Harris AL, Nicholson S. Epidermal growth factor receptors in human breast cancer. 



jl*/ is «' cuuo rAA 01U OH/1 



o 



o 



o-e/bB-2 ONCOGENE 



187 



44. 

46. 
46. 

47. 
48. 

49. 
50. 
51. 

52. 

53. 

54. 

55. 
56. 

57, 

58. 

59. 

60. 
61. 

62. 
63. 



Boston, Kluwer Academic Publ; 1988i 93-118 

an^L*!^^* K ?> ??&™ Howard PL. Amplification of the c-erfrB-2 
SS and prognosis of breast adenocarcinoma. Arch Pathol Lab Med. 114:160, 

Huettner P, Carney W DeMbB, etal. Quantification ofwe neu oncogene product 
in ovarian neoplasms (abstract). Mod PathoLUMA, 1990 

SS-S 0, ^ i >H \ ZhHP X ; Aniplification of the proto-neu oncogene facilitates 
oncogenic acbvatton by a single point mutation; Proc Natl Acad Sci USA, 86:2545, 

2l? ? E ' G l rbCr HAt SaUTCr S ' Gronor B ' ^"^Preision of the ««rA6-2 pro- 
tein in human breast tumor cell lines. J Cell Biochem. 39:167, 1989 
Kato HJ Hanna W. Auger M, Andreufis I. Expression and amplification of ncu 
oncogene in pleomorpfcc^noma of salivary glands (abstract). Mod Pathol 3:5QA, 

King CR. Kraus MH, Aaronson SA. Amplification of a novel v-er&B-related gene in 
a human mammary carcinoma. Science. 229:974, 1985 "' 

S?iSJ'/r ,n S *f* P ° rtCr L> Cl aK Hete «>geneous expression of er*B-2 messen- 
ger Suva tn human breast cancer. Cancer Res. 49:4185, 1989 

_rJ;°°^ shiK - WeinerDB, etal. Phosphorylation process induced by epider- 
mal growth factor receptor alters the oncogenic and cellular neu (NCL) gene prod- 
nets. Pmc Nail Acad Sci USA. 85:5389, 1988 

I-acroix H, Iglehart JD, Sldnner MA. Kraus MH. Overexpressfon of erbB-2 or EGF 
receptor proteins present In early stage mammary carcinoma is detected simulta- 
aeonsly in matched primary tumors and regional metastases. Oncogene. 4:145 1989 

&S?So pmto-oncogene In human breast cancer. Oncogene. 

Lodato RF, Maguire HC. Greene MJ, et al Immunohistochemical evaluation of c 
erwj-z oncogene expression in ductal carcinoma in situ and atypical ductal hyper- 
plasia of the breast. Mod Pathol. 3:449, 1990 

Maguire HC, Greene ML The neu (c-er*B-2) oncogene. Semln Oncol 16:148, 1989 
Magmre HC Jaworsky C, Cohen JA, et al. Distribution of neu (c-erfrB-2) protein In 
human sldn. / Invest Dermatol 89:786,1989 P 
Masuda H, Battifdra H, Yokota J, et al. Specific^ of proto-oncogene ampler 
m human malignant diseases. Mol Biol Med. 4:213. 1987 
McCann A, Dervan PA. Johnston PA, et al. c-erbB-2 oncoprotein expression in 
primary human tumors. Cancer. 65:88, 1990 

McKen7.ie SJ, Marks PJ, Lam T. et al. Generation and characterisation of mono- 
4543. 1989 SPC ° fOT ^ hUmaD " eW ° DC ° gene product> pl85> 0nw « ew ' 
Melteer SJ Mnen DJ, Battifora H, et al. Protooncogene abnormalities in colon 
cancers and adenomatous polyps. Gastroenterology. 92:1174, 1987 
Mori S, Akiyama T, Morlshlta Y, et al. Light and electron microscopical demonstra- 

Mori S. Akiyama T, Yamada Y, et al. C-eroB-2 gene product, a membrane protein 
commonly expressed In human fetal epithelial cells. Lab Invest. 61:93 1989 
Muller WJ. Sinn E. Pottengale PK, et al. Single-step induction of mammary 



ic/v&i cmvo Kiev jpaa a±u zue 1MKU b* 

o . o 



188 T.P. SINGLETON AND U.G. STOCKIER 

S e ,1^ i i ,0ma fa tmM * eafc ntta » ^Wing H»e activated c-n*u oncogene. CeB. 
54:105, 1988 

64. Ong C, GuIUck W, Sikoro K. Oncoprotein stability after tumor resection. Br] 
Cancer. 61:538, 1990 

65. Parks HC, Lfllyerop K, Howell A, Craig RK. C-«*B2 mRNA expression in human 
breast tumors: Comparison witb c*r&B2 DNA amplification and correlation with 
prognosis. Br] Cancer. 61:39, 1990 

66. Popescu NC, King CR, Kraus MH. Localization of the erfcB-2 gene on normal and 
rearranged chromosomes 17 to bands ql2-21.32. Genomics. 4:362, 1989 

67. Press MF. Pike MC, Paterson MC. et a]. Overexpression of HER-2/neu. proto- 
oncogene In node negative breast cancer; Correlation with increased risk of early 
recurrent disease (abstract). Mod Pathol 3:80A, 1990 

68. Ramachandra S, Machin L, Ashley S, et el faimunohistochemical distribution of c 
161 7 1990** ' SitU breaSl CS -^ 11 °™ A detailed m0I P ho,0 S leaI analysis. / PathpL 

69. Bio MC, BeBocq JP, Gairard B, et al. Specific expression of the pS2 gene in 
subclasses of breast cancers in comparison with expression of the estrogen and 
progesterone receptors and the oncogene ERBB2. Proc Natl Acad Sci USA. 84:9243, 

Xc7o7 

70. Robinson R, Kern J, Weiner D, et al. pl85™ expression in human lung non-small 
cell carcinomas: An immunobirtochemical study with dinicopathologic coirektton 
(abstract). Mod Pathol 3:85^1990 ' 

71. Rochlitz CF, Benz CC. Oncogenes in human solid tumors. Ins Benz C, Liu E, eds. 
Oncogenes. Boston, Khxwer Academic Publ; 1089: 190-240 . 

72. Sasano H, Garret CT, Wilkinson DS> et aL Protooncogene amplification and tumor 
ploidy in human ovarian neoplasms. Hum PathoL 21:382, 1990 

73. Schechter AL, Stern DF. Vaidyanathan L, et al. The neu oncogene; An erfe-B- 
related gene encoding a 185,000-M r tumor antigen. Nature.' 312:513, 1984 

74. Schechter AL, Hung MC, Vaidyanathan L, et al. The neu gone: An eriB- 
homotogous gene distinct from and unlinked to the gene encoding the EGF recen- 
tor. Science. 229:976, 1985 

75. Schneider PM. Hung MC,. Chiocca SM, et al. Difiereadal expression of the c~erbB- 
2 gene in human small cell and non-small cell lung cancer. Cancer Res. 49:4968, 

loon ' 



76. Semba K, Kamata N. ^yoshima K, Yamamoto X A V-er*B-related protooncogene? 
c-eriB-2, is distinct from the cerAB-l/epidermal growth fector-receptor gene and is 
e^oW^SS* hU,nan SaUvary ^** A adenocarcinoma. Proc Nail Acad Sci USA, 

77. Seshadri R, Matthews C, Dobrovic A, HorsfcU DJ. Hie significance of oncogene 
amplification In primary breast cancer. Int J Cancer. 43:270, 1989 

78. Shih C, Padhy LC, Murray M, Weinberg RA. Transforming genes of carcinomas 
and neuroblastomas introduced into mouse fibroblasts. Nature. 290:261, 1981 

70. Slaroon DJ, Clark GM, Wong SG, et al. Human breast cancer: Correlation of 
relapse and survival with amplification of the HER-2fneu oncogene. Science 
235:177, 1987 

80. Slamon DJ, Clark GM. Amplification of c-eriB-2 and aggressive human breast 
tumors. Science. 240:1795, 1988 

81. Slamon DJ, Codolphin W, Jones LA, et al. Studies of the HER-2lneu proto- 
oncogene in human breast and ovarian cancer. Science. 244:707, 1989 



A4/u^/ 4UVOK.41 r/VA OXU £UO 03 / ± 



0 



o 



o 



13026 



o-ert>8-2 ONCOGENE 



189 



83. 
84. 
85. 
86. 
87. 

88. 



SO. 

91. 

92. 

93. 

94. 

95. 
98. 

97. 

98. 



Slebos RJC, Even SO, Wagenaar SS. Rodenhuis S. Cellular protooneogenes are 
infrequently amplified in untreated non-small cell lung cancer. Br J Cancer 59:76, 
1989 

Stern DF, Kamps MP, Cao H. Oncogenic activation of pl85"~ stimulates tyrosine 
phosphorylation in vivo. Afoi CeU Biol 8:3969, 1088 

Tal M, Wetzler M, Josefberg Z> et aL Sporadic amplification of the HEfWneu 
protooncogene in adenocarcinomas of various tissues. Cancer Res. 48:1517 1988 
Tandon AX, Clark CM, Chamness GC, et al. HER-2/neu oncogene protein and 
prognosis in breast cancer. / Clin Oncol 7:1120, 1989 

Thor AD, Schwartz LH, Koerner PC, et aL Analysis of c-er&B-2 expression in 

breast carcinomas with clinical follow-up. Cancer Res, 49:7147, 1989 

Tsuda H, Hirohashi S, Shlmosato Y f et al Correlation between long-term survival in 

breast cancer patients and amplication of two putative oncogene-coamplificatfon 

units; hst-lHnt-2 and oerbB-2 learA. Cancer Res. 49:3104, 1989 

Tsutsumi Y> Naber SP, DeLellis BA;« et al/Afeti oncogene protein and epidermal 

growth factor receptor are Independently expressed in benign and malignant breast 

tissues. Hum Pathol 21:750, 1990 

Tsutsumi Y, Stork PJ, Wolfe HJ. Detection of DNA amplification and raRNA 
overexpression of the neu oncogene in breast carcinomas by polymerase chain reac- 
tion (abstract). Mod Pathol 3.101A, 1990 

Van de Vijver M, van de Bersselaar R, Devilee P, et al. Amplification of the neu (c- 
er*B-2) oncogene in human mammary tumors is relatively frequent and is often 
accompanied by amplification of the linked c-erM oncogene, Mol Cell Biol 7:2019, 
1987 

Van de Vijver MJ, Modi WJ, Wisman P, et al. Immunbhistochemical detection of the 
new protein in tissue sections of human breast tumors with amplified neu DNA 
Oncogene, 2:175, 1988 

Van de Vijver MJ, Peterse JL, Mooi Wj, et al. Nett-protein overexpression in breast 
cancer: Association with comedo-type ductal carcinoma in situ and limited prognos- 
tic value in stage II breast cancer. N Engl J Med. 319:1239, 1988 
Varley JM, Swallow JE, Brammar WJ, el al. Alterations to either c-er*B-2 (neu) or c- 
myc proto-oncogenes in breast carcinomas correlate with poor short-term prognosis. 
Oncogene. 1:423, 1987 

Venter DJ, ito NL, Kumar S, GuUick WJ. Overexpression of the e-eriB-2 
oncoprotein in human breast carcinomas; Inimunohistological assessment correlates 
with gene amplification. Lancet. 2:69, 1987 

Voravud N, Foster CS, Gttbertson JA, et al Oncogene expression in cholangiocarci- 
noma and in normal hepatic development. Hum Pathol 20:1163, 1989 
Walker RA, Senior PV, Jones JL, et al. An tmmunohistochemical and in situ hybrid- 
i2ation study of c-myc and ceriB-2 expression in primary human breast carcinomas. 
J Pathol 158:97, 1989 

Ware JL, Maygarden SJ, Koontz WW, Strom SC. Differential reactivity with anti-c- 
eriB-2 antiserum among human malignant and benign prostatic tissue (abstract). 
Am Assoc Cancer Res Ann Meeting. 30;437A, 1989 

Weiner DB, Liu J^ Cohen JA, et al. A point mutation in the neu oncogene mimics 
ligand induction of receptor aggregation. Nature. 339:230, 1989 
Weiner DB, Nordberg J, Hobinson R, et al. Expression of the neu gene-encoded 
protein (plSS"") in human non-small cell carcinomas of the lung. Cancer Res. 



12/09/^003 17:21 FAX 310 208 5971 



INFO 6 



o 



o 



190 



TP. SINGLETON AND J.G. STICKLER 



100. Wells A. Hie epidermal growth factor receptor and its ligand. In: Benz C, Liu K 
eds. Oncogenes. Boston, Kluwer Academic Pub; 1980: 143-168 

101. Wright C. Angus B. Nicholson S, et al. Expression of c-eriB-2 oncoprotein: A 
prognostic Indicator in human breast cancer. Cancer Res. 49:2087, 1989 

102. W« A f Colombero A, Low J, et al. Analysis of expression and mutation of the erfrB- 
2 gene in breast carcinoma by the polymerase chain reaction (abstract), Mod 
Pathol 3:108A, 1390 

103. Yamamoto T, Ilcawa S, Akiyama T, et al. Similarity of protein encoded by the 
human oer4B-2 gene to epidermal growth factor receptor. Nature. 319:230, 1986 

104. Yao M. Shuin T, Misnld H, Kubota Y. Enhanced expression oic-myc and epidermal 
growth factor receptor (C-erfcB-1) genes in primary human renal cancer. Cancer 
Res. 48:6753, 1988 

105. Yarden Y, Weinberg RA. Experimental approaches to hypothetical hormones: De- 
tection of a candidate ligand of the new protooncogene. Proc Nail Acad Sd USA, 
86:3179,1989 — * 

iOfi. Yee LD, Kacinskl BM, Carter D. Oncogene structure, function and expression in 
breast cancer. Semin Diagn Pathol 6:110, 1989 

107. Yokota J, Yamamoto T, Tbyoshima K, et al. Amplification of c*eriB-2 oncogene in 
human adenocarcinomas in vivo. Lancet- 1:765, 1986 

108. Yokota J, Yamamoto T, Miyajima N, et al. Genetic alterations of the c-erbB-2 
oncogene occur frequendy in tubular adenocarcinoma of the stomach and are often 
accompanied by amplification of the v-erfrA homologue. Oncogene. 2:283, 1988 

109. Zeillinger R, Xury F, Czerwenka K f et al. H&R-2 amplification, steroid receptors 
and epidermal growth factor receptor in primary breast cancer. Oncogene, 4:109, 
1989 

110. Zhang X, Silva E, Gershenson D, Hung MC. Amplification and rearrangement of 
oerfeB proto-oncogenes in cancer of human female genital tract. Oncogene. 4:985, 
1989 ' ■ 

111. Zhou D, Battifora H, Yokota J, et al. Association of multiple copies of the c-erbB-2 
oncogene with spread of breast cancer. Cancer Res. 47:6123, 1887 

112. Zhou D, Gonzalez-Cadavid N, Ahuja H, et al. A unique pattern of proto-oncogene 
abnormalities in ovarian adenocarcinomas, Cancer. 62:1573, 1988 

113. Zhou D, Ahuja H, Cline MJ. Proto-oncogene abnormalities in human breast can- ' 
cer: <yerb^2 amplification does not correlate with recurrence of disease. Onco- 
gene. 4:105, 1989 t» t# 



Exhibit 2 



CNE.3230R1C39 



PATENT 



IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 



Applicant 
Appl. No. 



Eaton, et al 



10/063,557 



Filed 



May 2, 2002 



For 



SECRETED AND 
TRANSMEMBRANE 
POLYPEPTIDES AND NUCLEIC 
ACIDS ENCODING THE SAME 



Examiner 



David J. Blanchard 



Group Art Unit : 1642 



DECLARATION OF J. CHRISTOPHER GRIMALDL UNDER 37 C.F.R. § 1,132 

Commissioner for Patents 
P.O. Box 1450 
Alexandria, VA 22313-1450 



I, J. Christopher Grimaldi, declare and say as follows: 

1 . I am a Senior Research Associate in the Molecular Biology Department of 
Genentech, Inc., South San Francisco, CA 94080. 

2. I joined Genentech in January of 1999. From 1999 to 2003, 1 directed the Cloning 
Laboratory in the Molecular Biology Department. During this time I directed or performed 
numerous molecular biology techniques including qualitative Polymerase Chain Reaction (PCR) 
analyses. I am currently involved in, among other projects, the isolation of genes coding for 
membrane associated proteins which can be used as targets for antibody therapeutics against 
cancer. In connection with the above-identified patent application, I personally performed or 
directed the semi-quantitative PCR analyses in the assay entitled "Tumor Versus Normal 
Differential Tissue Expression Distribution" which is described in EXAMPLE 18 in the 
specification that were used to identify differences in gene expression between tumor tissue and 
their normal counterparts. 

3. My scientific Curriculum Vitae, including my list of publications, is attached to 
and forms part of this Declaration (Exhibit A). 

4. In differential gene expression studies, one looks for genes whose expression levels 
differ significantly under different conditions, for example, in normal versus diseased tissue. 
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Chromosomal aberrations, such as gene amplification, and chromosomal translocations are 
important markers of specific types of cancer and lead to the aberrant expression of specific 
genes and their encoded polypeptides, including over-expression and under-expression. For 
example, gene amplification is a process in which specific regions of a chromosome are 
duplicated, thus creating multiple copies of certain genes that normally exist as a single copy. 
Gene under-expression can occur when a gene is not transcribed into mRNA. In addition, 
chromosomal translocations occur when two different chromosomes break and are rejoined to 
each other chromosome resulting in a chimeric chromosome which displays a different expression 
pattern relative to the parent chromosomes. Amplification of certain genes such as Her2/Neu 
[Singleton al y Pathol. Annu. . 27Ptl: 165-190], or chromosomal translocations such as t(5;14), 
[Grimaldi et aL 9 Blood, 73(8):2081-2085(1989); Meeker et al y Blood . 76(2):285-289(1990)] give 
cancer cells a growth or survival advantage relative to normal cells, and might also provide a 
mechanism of tumor cell resistance to chemotherapy or radiotherapy. When the chromosomal 
aberration results in the aberrant expression of a mRNA and the corresponding gene product (the 
polypeptide), as it does in the aforementioned cases, the gene product is a promising target for 
cancer therapy, for example, by the therapeutic antibody approach. 

5 . Comparison of gene expression levels in normal versus diseased tissue has 
important implications both diagnostically and therapeutically. For example, those who work in 
this field are well aware that in the vast majority of cases, when a gene is over-expressed, as 
evidenced by an increased production of mRNA, the gene product or polypeptide will also be , 
over-expressed. It is unlikely that one identifies increased mRNA expression without associated 
increased protein expression. This same principle applies to gene under-expression. When a 
gene is under-expressed, the gene product is also likely to be under-expressed. Stated in another 
way, two cell samples which have differing mRNA concentrations for a specific gene are 
expected to have correspondingly different concentration of protein for that gene. Techniques 
used to detect mRNA, such as Northern Blotting, Differential Display, in situ hybridization, 
quantitative PCR, Taqman, and more recently Microarray technology all rely on the dogma that a 
change in mRNA will represent a similar change in protein. If this dogma did not hold true then 
these techniques would have little value and not be so widely used. The use of mRNA 
quantitation techniques have identified a seemingly endless number of genes which are 
differentially expressed in various tissues and these genes have subsequently been shown to have 
correspondingly similar changes in their protein levels. Thus, the detection of increased mRNA 
expression is expected to result in increased polypeptide expression, and the detection of 
decreased mRNA expression is expected to result in decreased polypeptide expression. The 
detection of increased or decreased polypeptide expression can be used for cancer diagnosis and 
treatment. 

6. However, even in the rare case where the protein expression does not correlate 
with the mRNA expression, this still provides significant information useful for cancer diagnosis 
and treatment. For example, if over- or under-expression of a gene product does not correlate 
with over- or under-expression of mRNA in certain tumor types but does so in others, then 
identification of both gene expression and protein expression enables more accurate tumor 
classification and hence better determination of suitable therapy. In addition, absence of over- or 
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under-expression of the gene product in the presence of a particular over- or under-expression of 
mRNA is crucial information for the practicing clinician. For example, if a gene is over-expressed 
but the corresponding gene product is not significantly over-expressed, the clinician accordingly 
will decide_not to treat a patient with agents that target that gene product. 
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I, Paul Polakis, Ph.D., declare and say as follows: 

1 . I was awarded a Ph.D. by the Department of Biochemistry of the Michigan 
State University in 1984. My scientific Curriculum Vitae is attached to and forms 
part of this Declaration (Exhibit A). 

2. I am currently employed by Genentech, Inc. where my job title is Staff 
Scientist. Since joining Genentech in 1999, one of my primary responsibilities has 
been leading Genentech's Tumor Antigen Project, which is a large research project 
with a primary focus on identifying tumor cell markers that find use as targets for 
both the diagnosis and treatment of cancer in humans. 

3. As part of the Tumor Antigen Project, my laboratory has been analyzing 
differential expression of various genes in tumor cells relative to normal cells. 
The purpose of this research is to identify proteins that are abundantly expressed 
on certain tumor cells and that are either (i) not expressed, or (ii) expressed at 
lower levels, on corresponding normal cells. We call such differentially expressed 
proteins "tumor antigen proteins". When such a tumor antigen protein is 
identified, one can produce an antibody that recognizes and binds to that protein. 
Such an antibody finds use in the diagnosis of human cancer and may ultimately 
serve as an effective therapeutic in the treatment of human cancer. 

4. In the course of the research conducted by Genentech' s Tumor Antigen 
Project, we have employed a variety of scientific techniques for detecting and 
studying differential gene expression in human tumor cells relative to normal cells, 
at genomic DNA, mRNA and protein levels. An important example of one such 
technique is the well known and widely used technique of microarray analysis 
which has proven to be extremely usefiil for the identification of mRNA molecules 
that are differentially expressed in one tissue or cell type relative to another. In the 
course of our research using microarray analysis, we have identified 
approximately 200 gene transcripts that are present in human tumor cells at 
significantly higher levels than in corresponding normal human cells. To date, we 
have generated antibodies that bind to about 30 of the tumor antigen proteins 
expressed from these differentially expressed gene transcripts and have used these 
antibodies to quantitatively determine the level of production of these tumor 
antigen proteins in both human cancer cells and corresponding normal cells. We 
have then compared the levels of mRNA and protein in both the tumor and normal 
cells analyzed. 

5. From the mRNA and protein expression analyses described in paragraph 4 
above, we have observed that there is a strong correlation between changes in the 
level of mRNA present in any particular cell type and the level of protein 



expressed from that mRNA in that cell type. In approximately 80% of our 
observations we have found that increases in the level of a particular mRNA 
correlates with changes in the level of protein expressed from that mRNA when 
human tumor cells are compared with their corresponding normal cells. 

6. Based upon my own experience accumulated in more than 20 years of 
research, including the data discussed in paragraphs 4 and 5 above and my 
knowledge of the relevant scientific literature, it is my considered scientific 
opinion that for human genes, an increased level of mRNA in a tumor cell relative 
to a normal cell typically correlates to a similar increase in abundance of the 
encoded protein in the tumor cell relative to the normal cell. In fact, it remains a 
central dogma in molecular biology that increased mRNA levels are predictive of 
corresponding increased levels of the encoded protein. While there have been 
published reports of genes for which such a correlation does not exist, it is my 
opinion that such reports are exceptions to the commonly understood general rule 
that increased mRNA levels are predictive of corresponding increased levels of the 
encoded protein. 

7. I hereby declare that all statements made herein of my own knowledge are 
true and that all statements made on information or belief are believed to be true, 
and further that these statements were made with the knowledge that willful false 
statements and the like so made are punishable by fine or imprisonment, or both, 
under Section 1001 of Title 18 of the United States Code and that such willful 
statements may jeopardize the validity of the application or any patent issued 
thereon. 
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s. If these minor cell proteins differ among cells to the same extent as the 
^jiore abundant proteins, as is commonly assumed, only a small number of pro- 
tein differences (perhaps several hundred) suffice to create very large differences 
in cell morphology and behavior. 

A Cell Can Change the Expression of Its Genes 
in Response to External Signals 3 

Most of the specialized cells in a multicellular organism are capable of altering 
their patterns of gene expression in response to extracellular cues. If a liver cell 
is exposed to a glucocorticoid hormone, for example, the production of several 
specific proteins is dramatically increased. Glucocorticoids are released during 
periods of starvation or intense exercise and signal the liver to increase the 
production of glucose from amino acids and other small molecules; the set of 
proteins whose production is induced includes enzymes such as tyrosine amino- 
transferase, which helps to convert tyrosine to glucose. When the hormone is no 
longer "present, the production of these proteins drops to its normal level. 

Other cell types respond to glucocorticoids in different ways. In fat cells, for 
example, the production of tyrosine aminotransferase is reduced, while some, 
other cell types do not respond to glucocorticoids at all. These examples illustrate 
a general feature of cell specializatior^-different cell types often respond in dif- 
ferent ways to the same extracellular signal. Underlying this specialization are 
features that do not change, which give each cell type its permanently distinc- 
tive character. These features reflect the persistent expression of different sets of 



Gene Expression Can Be Regulated at Many of the Steps 
in the Pathway from DNA to RNA to Protein 4 

If differences between the various cell types of an organism depend on the par- 
ticular genes that the cells express, at what level is the control of gene expression 
exercised? There are many steps in the pathway leading from DNA to protein, and 
ail of them can in principle be regulated. Thus a cell can control the proteins it 
makes by (1) controlling when and how often a given gene is transcribed (tran- 
scriptional control), (2) controlling how the primary RNA transcript is spliced or 
otherwise processed (RNA processing control), (3) selecting which completed 
niRNAs in the cell nucleus are exported to the cytoplasm (RNA transport con- 
trol), (4) selecting which mRNAs in the cytoplasm are translated by ribosomes 
traaslational control), (5) selectively destabilizing certain mRNA molecules in 
foe cytoplasm (mRNA degradation control), or (6) selectively activating, inacti- 
vating, pr compartmentalizing specific protein molecules after they have been 
made (protein activity control) (Figure 9-2). 

For most genes transcriptional controls are paramount. This makes sense 
ecause, of all the possible control points illustrated in Figure 9-2, only transcrip- 
onal control ensures that no superfluous intermediates are synthesized. In the 
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Figure 9-2 Six steps at which 
eucaryote gene expression can be 
controlled. Only controls that operate 
at steps 1 through 5 are discussed in 
this chapter. The regulation of protein 
activity (step 6) is discussed in 
Chapter 5; this includes reversible 
acrivation or inactivation by protein 
phosphorylation as well as 
irreversible inactivation by proteolytic 
degradation. 
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following sections we discuss the DNA and protein components that regulate the 
initiation of gene transcription. We return at the end of the chapter to the other 
ways of regulating gene expression. 
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Summary 

The genome of a cell contains in its DNA sequence the information to make many 
thousands of different protein and RNA molecules. A cell typically expresses only a 
fraction ofits genes, and the different types of cells in multicellular organisms arise 
because different sets of genes are expressed. Moreover, cells can change the pattern 
of genes they express in response to changes in their environment, such as signals from 
other cells. Although all of the steps involved in expressing a gene can in principle be 
regulated, for most genes the initiation of RNA transcription is the most important 
point of control 
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DNA-binding Motifs in Gene 
Regulatory Proteins 5 

How does a cell determine which ofits thousands of genes to transcribe? As dis- 
cussed in Chapter 8, the transcription of each gene is controlled by a regulatory 
region of DNA near the site where transcription begins. Some regulatory regions 
are simple and act as switches that are thrown by a single signal. Other regula- 
tory regions are complex and act as tiny microprocessors, responding to a vari- 
ety of signals that they interpret and integrate to switch the neighboring gene on 
or off. Whether complex or simple, these switching devices consist of two fun- 
damental types of components: (1) short stretches of DNA of defined sequence 
and (2) gene regulatory proteins that recognize and bind to them. 

We begin our discussion of gene regulatory proteins by describing how these 
proteins were discovered. 

Gene Regulatory Proteins Were Discovered Using 
Bacterial Genetics 6 

Genetic analyses in bacteria carried out in the 1950s provided the first evidence 
of the existence of gene regulatory proteins that turn specific sets of genes on 
or off. One of these regulators, the lambda repressor, is encoded by a bacterial 
virus, bacteriophage lambda. The repressor shuts off the viral genes that code for 
the protein components of new virus particles and thereby enables the viral ge- 
nome to remain a silent passenger in the bacterial chromosome, multiplying with 
the bacterium when conditions are favorable for bacterial growth (see Figure 
6-80). The lambda repressor was among the first gene regulatory proteins to be 
characterized, and it remains one of the best understood, as we discuss later. 
Other bacterial regulators respond to nutritional conditions by shutting off genes 
encoding specific sets of metabolic enzymes when they are not needed. The lac 
repressor, for example, the first of these bacterial proteins to be recognized, turns 
off the production of the proteins responsible for lactose metabolism when this 
sugar is absent from the medium. 

The first step toward understanding gene regulation was the isolation of 
mutant strains of bacteria and bacteriophage lambda that were unable to shut 
off specific sets of genes. It was proposed at the time, and later proved, that most 
of these mutants were deficient in proteins acting as specific repressors for these 
sets of genes. Because these proteins, like most gene regulatory proteins, are 
present in small quantities, it was difficult and time-consuming to isolate them. 
They were eventually purified by fractionating cell extracts on a scries of stan- 
dard chromatography columns (see pp. 166-169). Once isolated, the pro- 
teins were shown to bind to specific DNA sequences close to the genes that they 
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Figure 9-3 Double- helical structure 
of DNA. The major and minor grooves 
on the outside of the double helix, are 
indicated. The atoms are colored as 
follows: carbon, dark blue; nitrogen* 
light blue; hydrogen, white; oxygen 
red; phosphorus, yellow. 
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Figure 9-71 A mechanism to explain 
both the marked deficiency of CG 
sequences and the presence of CG 
islands in vertebrate genomes. A 
black line marks the location of an 
unmethylated CG dinucleotide in the 
DNA sequence, while a red line marks 
the location of a methylated CG 
dinucleotide. 
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Summary 

The many types of cells in animals and plants are created largely through mecha- 
nisms that cause different genes to be transcribed in different cells. Since many spe- 
cialized animal cells can maintain their unique character when grown in culture, the 
gene regulatory mechanisms involved in creating them must be stable once estab- 
lished and heritable when the cell divides, endowing the cell with a memory of its 
developmental history. Procaryotes and yeasts provide unusually accessible model 
systems in which to study gene regulatory mechanisms, some of which may be rel- 
evant to the creation of specialized cell types in higher eucaryotes. One such mecha- 
nism involves a competitive interaction between two (or more) gene regulatory pro- 
teins, each of which inhibits the synthesis of the other, this can create a flip-flop 
switch that switches a cell between two alternative patterns of gene expression. Di- 
rect or indirect positive feedback loops, which enable gene regulatory proteins to 
perpetuate their own synthesis, provide a general mechanism for cell memory. 

In eucaryotes gene transcription is generally controlled by combinations of gene 
regulatory proteins. It is thought that each type of cell in a higher eucaryotic organism 
contains a specific combination of gene regulatory proteins that ensures the expres- 
sion of only those genes appropriate to that type of cell A given gene regulatory pro- 
tein may be expressed in a variety of circumstances and typically is involved in the 
regulation of many genes. 

In addition to diffusible gene regulatory proteins, inherited states of chromatin 
condensation are also utilized by eucaryotic cells to regulate gene expression. In ver- 
tebrates DNA methylatipn also plays a part, mainly as a device to reinforce decisions 
about gene expression that are made initially by other mechanisms. 



Posttranscriptionai Controls 



Although controls on the initiation of gene transcription are the predominant 
form of regulation for most genes, other controls can act later in the pathway 
from RNA to protein to modulate the amount of gene product that is made. Al- 
though these posttranscriptionai controls, which operate after RNA polymerase 
as bound to the gene's promoter and begun RNA synthesis, axe less common 
^transcriptional control, for many genes they are crucial. It seems that every 
step in gene expression that could.be controlled in principle is likely to be regu- 
d ^der some circumstances for some genes. 

We consider the varieties of posttranscriptionai regulation in temporal or- 
Cr j acc °rojng to the sequence of events that might be experienced by an RNA 
ecule ^er its transcription has begun (Figure 9-72). 
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Figure 9-72 Possible post- 
transcriptionai controls on gene 
expression. Only a few of these 
controls are likely to be used for any 
one gene. 
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Figure 6-3 Genes cam be expressed 
with different efficiencies* Gene A \% 
transcribed and translated much more 
efficiently than gene B.Thts allows the 
amount of protein A in the cell to be 
much greater than that of protein B. 
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FROM DNATO RNA 

Transcription and translation are the means by which cells read out> or express, 
the genetic instructions in their genes. Because many identical RNA copies can 
be made from the same gene, and each RNA molecule can direct the synthesis 
of many identical protein molecules, cells can synthesize a large amount of 
protein rapidly when necessary. But each gene can also be transcribed and 
translated with a different efficiency, allowing the cell to make vast quantities of 
some proteins and tiny quantities of others (Figure 6-3). Moreover, as we see in 
the next chapter, a cell can change (or regulate) the expression of each of its 
genes according to the needs of the moment— most obviously by controlling 
the production of its RNA. 



Portions of DNA Sequence Are Transcribed into RNA 

The first step a cell takes in reading out a needed part of its genetic instructions 
is to copy a particular portion of its DNA nucleotide sequence — a gene — into an 
RNA nucleotide sequence. The information in RNA, although copied into another 
chemical form, is still written in essentially the same language as it is in DNA — 
the language of a nucleotide sequence. Hence the name transcription. 

like DNA, RNA is a linear polymer made of four different types of nucleotide 
subunits linked together by phosphodiester bonds (Figure 6-4). It differs from 
DNA chemically in two* respects: (1) the nucleotides in RNA are 
ribonucleotides— that is, they contain the sugar ribose (hence the name ribonu- 
cleic acid) rather than deoxyribose; (2) although, like DNA, RNA contains the 
bases adenine (A), guanine (G), and cytosine (C), it contains the base uracil (U) 
instead of the thymine (T) in DNA Since U, like T, can base-pair by hydrogen- 
bonding with A (Figure 6-5), the complementary base-pairing properties 
described for DNA in Chapters 4 and 5 apply also to RNA (in RNA, G pairs with 
C, and A pairs with U). It is not uncommon, however, to find other types of base 
pairs in RNA: for example, G pairing with U occasionally 

Despite these small chemical differences, DNA and RNA differ quite dra- 
matically in overall structure. Whereas DNA always occurs in cells as a double- 
stranded helix, RNA is single-stranded. RNA chains therefore fold up into a 
variety of shapes, just as a polypeptide chain folds up to form the final shape of 
a protein (Figure 6-6). As we see later in this chapter, the ability to fold into com- 
plex three-dimensional shapes allows some RNA molecules to have structural 
and catalytic functions. 



Transcription Produces RNA Complementary to 
One Strand of DNA 

All of the RNA in a cell is made by DNA transcription, a process that has cer- 
tain similarities to the process of DNA replication discussed in Chapter 5. 
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Figure 6-89 Protein aggregates that cause human disease. (A) Schematic illustration of the type of ' 
conformational change in a protein that produces material for a cross-beta filament. (B) Diagram illustrating 
the self-infectious nature of the protein aggregation that Is central to prion diseases. PrP is highly unusual 
because the misfolded version of the protein, called PrP*, induces the norma! PrP protein it contacts to 
change its conformation, as shown. Most of the human diseases caused by protein aggregation are caused by 
the overproduction of a variant protein that is especially prone to aggregation, but because this structure is 
not infectious in this way, it cannot spread from one animal to another. (C) Drawing of a cross-beta filament, 
a common type of protease- resistant protein aggregate found in a variety of human neurological diseases. 
Because the hydrogen-bond interactions in a P sheet form between polypeptide backbone atoms (see Figure 
3-9), a number of different abnormally folded proteins can produce this structure. (D) One of several 
possible models for the conversion of PrP to PrP*, showing the likely change of two a-helices into four 
p-strands. Although the structure of the normal protein has been determined accurately, the structure of the 
infectious form is not yet known with certainty because the aggregation has prevented the use of standard 
structural techniques. (C, courtesy of Louise Serpell, adapted from M Sunde et ah, J. Mof. Biol 273:729-739, 
1 997; D, adapted from S.B. Prusiner, Trends Biochem. So. 2 1 :482-487, 1 996.) 

animals and humans. It can be dangerous to eat the tissues of animals that con- 
tain PrP*, as witnessed most recently by the spread of BSE (commonly referred 
to as the "mad cow disease") from cattle to humans in Great Britain. 

Fortunately, in the absence of PrP*, PrP is extraordinarily difficult to convert 
to its abnormal form. Although very few proteins have the potential to misfold 
into an infectious conformation, a similar transformation has been discovered 
to be the cause of an otherwise mysterious "protein-only inheritance" observed 
in yeast cells. 

There Are Many Steps From DNA to Protein 

We have seen so far in this chapter that many different types of chemical reac- 
tions are required to produce a properly folded protein from the information 
contained in a gene (Figure 6-90). The final level of a properly folded protein in 
a cell therefore depends upon the efficiency with which each of the many steps 
is performed. 

We discuss in Chapter 7 that ceils have the ability to change the levels of 
their proteins according to their needs. In principle, any or all of the steps in Fig- 
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Figure 6-90 The production of a 
protein by a eucaryotic celLThe final 
level of each protein in a eucaryotic cell 
depends upon the efficiency of each step 
depicted. 



ure 6-90) could be regulated by the cell for each individual protein. However, as 
we shall see in Chapter 7, the initiation of transcription is the most common 
point for a cell to regulate the expression of each of its genes. This makes sense, 
inasmuch as the most efficient way to keep a gene from being expressed is to 
block the very first step — the transcription of its DNA sequence into an RNA 
molecule. 

Summary 

The translation of the nucleotide sequence of an mRNA molecule into protein takes 
place in the cytoplasm on a large ribonucleoprotein assembly called a ribosome. The 
amino acids used for protein synthesis are first attached to a family of tRNA 
molecules, each of which recognizes, by complementary base-pair interactions, par- 
ticular sets of three nucleotides in the mRNA (codons). The sequence of nucleotides in 
the mRNA is then read from one end to the other in sets of three according to the 
genetic code. 

To initiate translation, a small ribosomal subunit binds to the mRNA molecule 
at a start codon (AUG) that is recognized by a unique initiator tRNA molecule. A 
large ribosomal subunit binds to complete the ribosome and begin the elongation 
phase of protein synthesis. During this phase, aminoacyl tRNAs — each bearing a 
specific amino acid bind sequentially to the appropriate codon in mRNA by forming 
complementary base pairs with the tRNA anticodon. Each amino acid is added to the 
C-terminal end of the growing polypeptide by means of a cycle of three sequential 
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Figure 7-5 Six steps at which 
eucaryotxc gene expression can be 
controlled. Controls that operate at 
steps I through 5 are discussed ip this 
chapter. Step 6, the regulation of protein 
activity, Includes reversible activation or 
inactivation by protein phosphorylation 
(discussed in Chapter 3) as well as 
irreversible inactivation by proteolytic 
degradation (discussed in Chapter 6). 



Gene Expression Can Be Regulated at Many of the Steps 
in the Pathway from DNA to RNA to Protein 

If differences among the various cell types of an organism depend on the partic- 
ular genes that the ceDs express, at what level is the control of gene expression 
exercised? As we saw in the last chapter, there are many steps in the pathway 
leading from DNA to protein, and all of them can in principle be regulated. Thus 
a cell can control the proteins it makes by (1) controlling when and how often a 
given gene is transcribed (transcriptional control), (2) controlling how the RNA 
transcript is spliced or otherwise processed (RNA processing control), (3) 
selecting which completed mRNAs in the cell nucleus are exported to the cytosol 
and determining where in the cytosol they are localized (RNA transport and 
localization control), (4) selecting which mRNAs in the cytoplasm are translated 
by ribosomes (translational control), (5) selectively destabilizing certain mRNA 
molecules in the cytoplasm (mRNA degradation control), or (6) selectively acti- 
vating, inactivating, degrading, or compartmentalizing specific protein 
molecules after they have been made (protein activity control) (Figure 7-5). 

For most genes transcriptional controls are paramount. This makes sense 
because, of all the possible control points illustrated in Figure 7-5, only tran- 
scriptional control ensures that the cell will not synthesize superfluous interme- 
diates. In the following sections we discuss the DNA and protein components 
that perform this function by regulating the initiation of gene transcription. We 
shall return at the end of the chapter to the additional ways of regulating gene 
expression. 



Summary 

The genome of a cell contains in its DNA sequence the information to make many 
thousands of different protein and RNA molecules. A cell typically expresses only a 
fraction of its genes, and the different types of cells in multicellular organisms arise 
because different sets of genes are expressed. Moreover, cells can change the pattern 
of genes they express in response to changes in their environment, such as signals 
from other cells. Although all of the steps involved in expressing a gene can in prin- 
ciple be regulated, far most genes the initiation of RNA transcription is the most 
. Important point of control 



DNA-BINDING MOTIFS IN GENE REGULATORY 
PROTEINS 

How does a cell determine which of its thousands of genes to transcribe? As 
mentioned briefly in Chapters 4 and 6, the transcription of each gene is con- 
trolled by a regulatory region of DNA relatively near the site where transcription 
begins. Some regulatory regions are simple and act as switches that are thrown 
.by a single signal. Many others are complex and act as tiny microprocessors, 
.responding to a variety of signals that they interpret and integrate to switch the 
"^ghboring gene on or off. Whether complex or simple, these switching devices 
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occur in the genu line, the cell lineage that gives rise to sperm or eggs. Most of 
the DNA in vertebrate germ cells is inactive and highly methylated. Over long 
periods of evolutionary time, the methylated CG sequences in these inactive . 
regions have presumably been lost through spontaneous deamination events 
that were not properly repaired. However promoters of genes that remain active 
in the germ cell lineages (including most housekeeping genes) are kept 
unmethylated, and therefore spontaneous deaminations of Cs that occur with- 
in them can be accurately repaired. Such regions are preserved in modem day 
vertebrate cells as CG islands. In addition, any mutation of a CG sequence in the 
genome that destroyed the function or regulation of a gene in the adult would be 
selected against, and some CG islands are simply the result of a higher than nor- 
mal density of critical CG sequences. 

The mammalian genome contains an estimated 20,000 CG islands. Most of 
the islands mark the 5' ends of transcription units and thus, presumably, of 
genes. The presence of CG islands often provides a convenient way of identify- 
ing genes in the DNA sequences of vertebrate genomes. 

Summary 

The many types of cells in animals and plants are created largely through mecha- 
nisms that cause different genes to be transcribed in different cells. Since many 
specialized animal cells can maintain their unique character through many cell 
division cycles and even when grown in culture, the gene regulatory mechanisms 
involved in creating them must be stable once established and heritable when the 
cell divides. These features endow the cell with a memory of its developmental history. 
Bacteria and yeasts provide unusually accessible model systems in which to study 
gene regulatory mechanisms. One such mechanism involves a competitive interac- 
tion between two gene regulatory proteins, each of which inhibits the synthesis of the 
other; this can create a flip-flop switch that switches a cell between two alternative 
patterns of gene expression. Direct or indirect positive feedback loops, which enable 
gene regulatory proteins to perpetuate their own synthesis, provide a general mech- 
anism for cell memory. Negative feedback loops with programmed delays form the 
basis for cellular clocks. 

In eucaryotes the transcription of a gene is generally controlled by combinations 
of gene regulatory proteins. It is thought that each type of cell in a higher eucaryotic 
organism contains a specific combination of gene regulatory proteins that ensures 
the expression of only those genes appropriate to that type of cell A given gene regu- 
latory protein may be active in a variety of circumstances and typically is involved 
in the regulation of many genes. 

In addition to diffusible gene regulatory proteins, inherited states of chromatin 
condensation are also used by eucaryotic cells to regulate gene expression. An espe- 
cially dramatic case is the inactivation of an entire X chromosome in female mam- 
mals. In vertebrates DNA methylation also Junctions in gene regulation, being used 
mainly as a device to reinforce decisions about gene expression that are made ini- 
tially by other mechanisms. DNA methylation also underlies the phenomenon of 
genomic imprinting in mammals, in which the expression of a gene depends on 
whether it was inherited from the mother or the father. 



VERTEBRATE- ANCESTOR DNA 



RNA 



methylation of 
most CG sequences 
in germ line 



many millions of years 
of evolution 



VERTEBRATE DNA 




CG island 



Figure 7-86 A mechanism to explain 
both the marked overall deficiency 
of CG sequences and their clustering 
into CG islands in .vertebrate 
genomes. A block fine marks the location 
of a CG dinucleotide in the DNA 
sequence, while a red "lollipop" indicates 
the presence of a methyl group on the 
CG dinucleotide. CG sequences that lie in 
regulatory sequences of genes that are 
transcribed in germ cells are unmethylated 
and therefore tend to be retained in 
evolution. Methylated CG sequences, on 
the opSer hand, tend to be lost through 
deamination of 5-methyl C to T, unless the 
CG sequence is critical for survival 



POSTTRANSCRIPTIONAL CONTROLS 

In principle, every step required for the process of gene expression could be 
controlled. Indeed, one can find examples of each type of regulation, although 
any one gene is likely to use only a few of them. Controls on the initiation of 
gene transcription are the predominant form of regulation for most genes. But 
other controls can act later in the pathway from DNA to protein to modulate 
the amount of gene product that is made. Although these posttranscriptional 
controls, which operate after RNA polymerase has bound to the gene's promoter 
and begun RNA synthesis, are less common than transcriptional control, for 
many genes they are crucial. 
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CHAPTER 29 
Regulation of transcription 
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f|te phenotypic differences lhal distinguish ihe 
various kinds of t ells in a higher eukaryole are 
largely due lo differences in ihe expression of 
?e nes thai code Tor proteins, that is. those Iran- 
crribed by RNA polymerase II. In principle, the 
expression or ihese genes might be regulated at 
a ,iv one or several stages. The concept of the 
-level or control** implies that gene expression 
is not necessarily an automatic process once it 
has begun. It could be regulaied in a gene- 
specific way at any one or several sequential 
steps. We can distinguish (at least) five poten- 
tial control points. farming the series: 

Activalion of gem- structure 
I 

"Initiation of transcription 
i 

Processing Ihe transcript 
i 

Transport, to cvtoplasin 
1 

Translation or mRNA 

The existence of the first step is implied by 
the discovery thai genes may exisl in either of 
two structural conditions. Relative to ihe stale 
f»r most or Ihe genome, genes are found in 
iin "active" state in Ihe cells in which they 
are expressed (see Chapter 27). The change of 
structure is distinct from the act or transcrip- 
lion. and indicates that the gene is nranscrib- 
able. n This suggests that acquisition or ihe 
-active" structure must be the first step in gene 
expression. 

Transcription of a gene in the active stale is 



controlled al the slage or initiation, that is. by 
ihe interaction or RNA polymerase with its pro- 
moter. This is now becoming susceptible lo 
analysis in the in ritro systems (see Chapter 
28). For most genes, this is a major control 
point: probably ii is the most common level or 
regulation. 

There is at present no evidence for control 
at subsequent stages or transcription in eukary- 
olic cells, for example, via antitermination 
mechanisms. 

The primary transcript is modified by capping 
at ihe 5' end. and usually also by polyadenyJa- 
tion al the 3' end. Inirons must he spliced oul 
from the transcripts or interrupted genes. The 
mature RNA must be exported from, the nucleus 
to the cytoplasm. Regulation or gene expression 
by selection or sequences al ihe level or nuclear 
RNA might involve any or all of these stages, 
but ihe one for which we have most evidence 
concerns changes in splicing: some genes are 
expressed by means or alternative splicing pat- 
terns whose regulation controls Ihe type or pro- 
tein product (see Chapter 30). 

Finally. Ihe translation of sin mRNA in ihe cyto- 
plasm can be specifically controlled. There is Jiltle 
evidence for the employment or this mechanism in 
adult somatic cells, but it does occur in some 
embryonic situations, as described in Chapter 7. 
The mechanism is presumed lo involve the block- 
ing or initiation or translation or some mRNAs by 
specific protein factors. 

Bui having acknowledged that control of gene 
expression can occur al muluple stages, and 
that production or RNA cannot ineviiably be 
equaled with production or protein; it is clear 
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that the overwhelming majority or regulatory 
events occur at^the- initiation of transcription. 
Regulation of tissue-specific gene transcription 
lies at the heart of eukaryotic differentiation; 
indeed, we see examples in Chapter 38 in 
which proteins that regulate embryonic devel- 
opment prove to be transcription factors. A reg- 
ulatory transcription factor serves to provide 



common control of a large number of target 
genes, and we seek to answer two questions 
about this mode of regulation: what identifies 
the common target genes to the transcription 
factor; and how is the activity of the transcrip- 
tion factor itself regulated in response to intrin- 
sic or extrinsic signals? 



Response elements identify genes under common 
regulation 



The principle that emerges from characterizing 
groups of genes under common control is that 
the}- share a promoter element that is recognized 
by a regulator}- ttxinscription factor. An element 
that causes a gene to respond to such a factor 
is called a response element; examples are the 
HSE (heat shock response element)/ GRE 
(glucocorticoid response element), SRE (serum 
response element). 

The properties of some inducible transcription 
factors and the elements that they recognize are 
summarized in- Table 29.1. Response elements 
have the same general characteristics as 
upstream elements of promoters or enhancers. 
They contain short consensus sequences, and. 
copies of the response elements found in dif- 
ferent genes are closely related, but not neces- 
sarily identical. The region bound by the factor 
extends for a short distance on either side of 



Table 29.1 Inducible transcription - factors bind to 
response elements that Identify groups ol prcmclers 
or enhancers subject to coordinate control. 



Regulatory Agent Module Consensus 



Factor 



Heat shock HSE CNNGAANNTCCNN6 HSTF 

Glucocorticoid GRE TGGTACAAATGTTCT Receptor 

Phorbot ester TRE TGACTCA APt 

Serum SRE CCATATTAGG SRF 



the consensus sequence. In promoters, the ele- 
ments are not present at fixed distances from 
the slartpoim, but are usually <200 bp upstream 
of it. The presence of a single element usually 
is sufficient to confer the regulatory response, 
but sometimes there are multiple copies. 

Response elements may be located in p* 0 " 
-moters or in enhancers. Some types of elements 
are typically found in one rather than the oilier, 
usually an HSE is found in a promoter, wbilt a 
GRE is found in an enhancer. We assume lM 
all response elements function by the san* 
general principle. A gene is regulated by a 
sequence at the promoter or enhancer thai L% 
recognized by a specific protein. The P^^. 
Junctions as a transcription factor needed J ef 
R1VA pohtnerase to initiate. Active protean 
available only under conditions when the. 
to be expressed; its absence means that the 
moter is not activated by this particular cir** 1 ' 

An example of a situation in which " 



is 

c<* lV 



genes are controlled by a single factor 
vided by the heal shock response. This is - ^ 
mon to a wide range of prokaryo* eS ^ 
eukaryotes and involves multiple conlr °^ tllf r 
gene expression: an increase in temp* 1 * 
turns off transcription of some genes, wrfl5 j!ll il 
transcription of the heal shock S cncS, ^v- 
causes changes in the translation of 1,1 |f! > 
The control of the heat shock genes >^ usl ^ 
the differences between prokaryotic ^ 
eukaryotic modes of control. In.bacteri8» 3 N -j 
sigma factor is synthesized that direc |S ^ r 
polymerase holoenzyme to recognize * n 
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Background: Prostate stem cell antigen (PSCA) is a recently defined homologue of the Thy-l/Ly-6 family of 
glycosylphosphatidylinositol (GPI)-anchored cell surface antigens. The purpose of the present study was to 
examine the expression status of PSCA protein and mRNA in clinical specimens of human prostate cancer (Pea) 
and to validate it as a potential molecular target for diagnosis and treatment of Pea. 

Materials and Methods: Immunohistochemical (IHC) and in situ hybridization (ISH) analyses of PSCA 
expression were simultaneously performed on paraffin-embedded sections from 20 benign prostatic hyperplasia 
(BPH), 20 prostatic intraepithelial neoplasm (PIN) and 48 prostate cancer (Pea) tissues, including 9 androgen- 
independent prostate cancers. The level of PSCA expression was semiquantitative!/ scored by assessing both the 
percentage and intensity of PSCA-positive staining cells in the specimens. Then compared PSCA expression 
between BPH, PIN and Pea tissues and analysed the correlations of PSCA expression level with pathological grade, 
clinical stage and progression to androgen-independence in Pea. 

Results: In BPH and low grade PIN, PSCA protein and mRNA staining were weak or negative and less intense 
and uniform than that seen in HGPIN and Pea. There were moderate to strong PSCA protein and mRNA 
expression in 8 of 1 1 (72.7%) HGPIN and in 40 of 48 (83.4%) Pea specimens examined by IHC and ISH analyses, 
with statistical significance compared with BPH (20%) and low grade PIN (22.2%) samples (p < 0.0S, respectively). 
The expression level of PSCA increased with high Gleason grade, advanced stage and progression to androgen- 
independence (p < 0.05, respectively). In addition, IHC and ISH staining showed a high degree of correlation 
between PSCA protein and mRNA overexpression. 

Conclusions: Our data demonstrate that PSCA as a new cell surface marker is overexpressed by a majority of 
human Pea. PSCA expression correlates positively with adverse tumor characteristics, such as increasing 
pathological grade (poor cell differentiation), worsening clinical stage and androgen-independence, and 
speculatively, with prostate carcinogenesis. PSCA protein overexpression results from upregulated transcription 
of PSCA mRNA. PSCA may have prognostic utility and may be a promising molecular target for diagnosis and 
treatment of Pea. 
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Introduction 

Prostate cancer (Pea) is the second leading cause of can- 
cer-related death in American men and is becoming a 
common cancer increasing in China, Despite recently 
great progress in the diagnosis and management of local- 
ized disease, there continues to be a need for new diagnos- 
tic markers that can accurately discriminate between 
indolent and aggressive variants of Pea. There also contin- 
ues to be a need for the identification and characterization 
of potential new therapeutic targets on Pea cells. Current 
diagnostic and therapeutic modalities for recurrent and 
metastatic Pea have been limited by a lack of specific tar- 
get antigens of Pea. 

Although a number of prostate-specific genes have been 
identified (i.e. prostate specific antigen, prostatic acid 
phosphatase, glandular kallikrein 2), the majority of these 
are secreted proteins not ideally suited for many immuno- 
logical strategies. So, the identification of new cell surface 
antigens is critical to the development of new diagnostic 
and therapeutic approaches to the management of Pea. 

Reiter RE et al [1| reported the identification of prostate 
stem cell antigen (PSCA), a cell surface antigen that is pre- 
dominantly .prostate specific. The PSCA gene encodes a 
123 amino acid glycoprotein, with 30% homology to 
stem cell antigen 2 (Sea 2). Like Sca-2, PSCA also belongs 
to a member of the Thy-l/Ly-6 family and is anchored by 
a glycosylphosphatidylinositol (CPI) linkage. mRNA in 
situ hybridization (ISH) localized PSCA expression in nor- 
mal prostate to the basal cell epithelium, the putative 
stem cell compartment of prostatic epithelium, suggesting 
that PSCA may be a marker of prostate stem/progenitor 
cells. 

In order to examine the status of PSCA protein and mRNA 
expression in human Pea and validate it as a potential 
diagnostic and therapeutic target for Pea, we used immu- 
nohistochemistry (IHC) and in situ hybridization (ISH) 
simultaneously, and conducted PSCA protein and mRNA 
expression analyses in paraffin-embedded tissue speci- 
mens of benign prostatic hyperplasia (BPH, n = 20), pros- 
tate intraepithelial neoplasm (PIN, n = 20) and prostate 
cancer (Pea, n = 48). Furthermore, we evaluated die possi- 
ble correlation of PSCA expression level with Pea tumori- 
genesis, grade, stage and progression to androgen- 
independence. 

Materials and methods 
Tissue samples 

All of the clinical tissue specimens studied herein were 
obtained from 80 patients of 57-84 years old by prostate- 
ctomy, transurethral resection of prostate (TURP) or biop- 
sies. The patienis were classified as 20 cases of BPH, 20 
cases of PIN, 40 cases of primary Pea, including 9 patients 



with recurrent Pea and a history of androgen ablation 
therapy (orchiectomy and/or hormonal therapy), who 
were referred to as androgen-independent prostate can- 
cers. Eight specimens were harvested from these andro- 
gen-independent Pea patients prior to androgen ablation 
treatment. Each tissue sample was cut into two parts, one 
was fixed in 10% formalin for IHC and the other treated 
with 4% paraformaldehyde/0. 1 M PBS PH 7.4 in 0.1% 
DEPC for 1 h for ISH analysis, and then embedded in par- 
affin. All paraffin blocks examined were then cut into 5 
um sections and mounted on the glass slides specific for 
IHC and ISH respectively in the usual fashion. H&E- 
stained section of each Pea was evaluated and assigned a 
Gleason score by the experienced urological pathologist at 
our institution based on the criteria of Gleason score [2]. 
The Gleason sums are summarized in Table 1. Clinical 
staging was performed according to Jewett-whitmore- 
prout staging system, as shown in Table 2. In the category 
of PIN, we graded die specimens into two groups, i.e. low 
grade PIN (grade I - II) and high grade PIN (HCP1N, 
grade HI) on the basis of literatures [3,4). 

Immunohistochemical (IHC) analysis 
Briefly, tissue sections were deparaffinized, dehydrated, 
and subjected to microwaving in 10 mmol/L citrate 
buffer, PH 6.0 (Boshide, Wuhan, China) in a 900 W oven 
for 5 min tojnduce epitope retrieval. Slides were allowed 
to cool at room temperature for 30 min. A primary mouse 
antibody specific to human PSCA (Boshide, Wuhan, 
China) with a 1 : 1 00 dilution was applied to incubate with 
the slides at room temperature for 2 h. Labeling was 
detected by sequentially adding biotinylated secondary 
antibodies and strepavidin-peroxidase, and localized 
using 3,3'-diaminobenzidine reaction. Sections were then 
counterstained with hematoxylin. Substitution of the pri- 
mary antibody with phosphate-buffered-saline (PBS) 
served as a negative-staining control. 

mRNA in situ hybridization (ISH) 

Five-um-lhick tissue sections were deparaffinized and 
dehydrated, then digested in pepsin solution (4 mg/mi in 
3% citric acid) for 20 min at 37.5'C, and further proc- 
essed for ISH. Digoxigenin-labeled sense and antisense 
human PSCA RNA probes (obtained from Boshide, 
Wuhan, China) were hybridized to the sections at 48 °C 
overnight. The posthybridization wash wiih a high strin- 
gency was performed sequentially at37°C in 2 * standard 
saline citrate (SSC) for 10 min, in 0.5 x SSC for 15 min 
and in 0.2 * SSC for 30 min. The slides were then incu- 
bated to biotinylated mouse anii-digoxigenin antibody at 
37.5°C for 1 h followed by washing in 1 * PBS for 20 min 
at room temperature, and then to strepavidin-peroxidase 
at 37.5°C for 20 min followed by washing in 1 x PBS for 
15 min at room temperature. Subsequently, the slides 
were developed with diaminobenzidine and then coun- 
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Table 1: Correlation of PSCA expression with Gleason score 






intensity * frequency 


G lea son score 


0-6 (%) 


9(%) 


2-4 
5-7 
8-10 


5(83) 
19(79) 
5(28) 


l (IT) 
5(2!) 
13(72) 




Table 2: Correlation of PSCA expression with clinical stage 


Intensity * frequency 


Tumor stage 


0-6 (%) 


9(%) 


<B 


27 (67.5) . 
2(25) 


13 (32.5) 
6(75) 



terstained with hematoxylin to localize the hybridization 
signals. Sections hybridized with the sense control probes 
routinely did not show any specific hybridization signal 
above background. All slides were hybridized with PBS to 
substitute for the probes as a negative control. 

Scoring methods 

To determine the correlation between the results of PSCA 
immunostaining and rnRNA in situ hybridization, the 
same scoring manners are taken in the present study for 
PSCA protein staining by IHC and PSCA rnRNA staining 
by ISH. Each slide was read and scored by two independ- 
ently experienced urological pathologists using Olympus 
BX-41 light microscopes. The evaluation was done in a 
blinded fashion. For each section, five areas of similar 
grade were analyzed semiquantitatively for the fraction of 
cells staining. Fifty percent of specimens were randomly 
chosen and rescored to determine the degree of interob- 
server and intraobserver concordance. There was greater 
than 95% intra- and interobserver agreement. 

The intensity of PSCA expression evaluated microscopi- 
cally was graded on a scale of 0 to 3+ with 3 being the 
highest expression observed (0, no staining; 1+, mildly 
intense; 2+, moderately intense; 3+, severely intense). The 
staining density was quantified as the percentage of cells 
staining positive for PSCA with the primary antibody or 
hybridization probe, as follows: 0 - no staining; 1 = posi- 
tive staining in <25% of the sample; 2 - positive staining 
in 25%-50% of the sample; 3 = positive staining in >50% 



of the sample. Intensity score (0 to 3+) was multiplied by 
the density score (0-3) to give an overall score of 0-9 
[1,5]. In this way, we were able to differentiate specimens 
that may have had focal areas of increased staining from 
those that had diffuse areas of increased staining |6). The 
overall score for each specimen was then categorically 
assigned to one of the following groups: 0 score, negative 
expression; 1-2 scores, weak expression; 3-6 scores, mod- 
erate expression; : 9 score, strong expression. 

Statistical analysis 

Intensity and density of PSCA protein and rnRNA expres- 
sion in BPH, PIN and Pea tissues were compared using the 
Chi-square and Student's Mest. Univariate associations 
between PSCA expression and Gleason score, clinical 
stage and progression to androgen-independence were 
calculated using Fisher's Exact Test. For all analyses, p < 
0.05 was considered statistically significant. 

Results 

PSCA expression in BPH 

In general, PSCA protein and rnRNA were expressed 
weakly in individual samples of BPH. Some areas of 
prostate expressed weak levels (composite score 1-2), 
whereas other areas were completely negative (composite 
score 0). Four cases (20%) of BPH had moderate expres- 
sion of PSCA protein and rnRNA (composite score 4-6) 
by IHC and ISH. In 2/20 (10%) BPH specimens. PSCA 
rnRNA expression was moderate (composite score 3-6), 
but PSCA protein expression was weak (composite score 
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2) in one and negative (composite score 0) in the other. 
PSCA expression was localized to the basal and secretory 
epithelial cells, and prostatic stroma was almost negative 
staining for PSCA protein and mRNA in all cases 
examined. 

PSCA expression In PIN 

In this study, we detected weak or negative expression of 
PSCA protein and mRNA (£2 scores) in 7 of 9 (77.8%) 
low grade PIN and in 2 of 11 (18.2%) HGPIN, and mod- 
erate expression (3-6 scores) in the rest 2 low grade PIN 
and 5 of 11 (45.5%) HGPIN. One HGPIN with moderate 
PSCA mRNA expression (6 score) was found weak stain- 
ing for PSCA protein (2 score) by IHC. Strong PSCA pro- 
tein and mRNA expression (9 score) were detected in the 
remaining 3 of 11 (27.3%) HGPIN. There was a statisti- 
cally significant difference of PSCA protein and mRNA 
expression levels observed between HGPIN and BPH (p < 
0.05), but no statistical difference reached between low 
grade PIN and BPH (p > 0.05). 

PSCA expression in Pea 

In order to determine if PSCA protein and mRNA can be 
detected in prostate cancers and if PSCA expression levels 
are increased in malignant compared with benign glands, 
Forty-eight paraffin-embedded Pea specimens were ana- 
lysed by IHC and ISH. It was shown that 19 of 48 (39.6%) 
Pea samples stained very strongly for PSCA protein and 
mRNA with a score of 9 and another 21 (43.8%) speci- 
mens displayed moderate staining with scores of 4-6 (Fig- 
ure 1). In addition, 4 specimens with moderate to strong 
PSCA mRNA expression (scores of 4-9) had weak protein 
staining (a score of 2) by IHC analyses. Overall, Pea 
expressed a significantly higher level of PSCA protein and 
mRNA than any other specimen category in this study (p 
< 0.05, compared with BPH and PIN respectively). The 
result demonstrates that PSCA protein and mRNA are 
overexpressed by a majority of human Pea. 

Correlation of PSCA expression with Gleason score in Pea 
Using the semi-quantitative scoring method as described 
in Materials and Methods, we compared the expression 
level of PSCA protein and mRNA with Gleason grade of 
Pea, as shown in Table 1. Prostate adenocarcinomas were 
graded by Gleason score as 2-4 scores = well-differentia- 
tion, 5-7 scores = moderate-differentiation and 8-10 
scores - poor-differentiation [7|. Seventy-two percent of 
Gleason scores 8-10 prostate cancers had very strong 
staining of PSCA compared to 21% with Gleason scores 
5-7 and 17% with 2-4 respectively, demonstrating that 
poorly differentiated Pea had significantly stronger 
expression of PSCA protein and mRNA than moderately 
and well differentiated tumors (p < 0.05). As depicted in 
Figure 1, IHC and ISH analyses showed that PSCA protein 
and mRNA expression in several cases of poorly differen- 



tiated Pea were particularly prominent, with more intense 
and uniform staining. The results indicate that PSCA 
expression increases significantly with higher tumor grade 
in human Pea. 

Correlation of PSCA expression with clinical stage in Pea 
With regards to PSCA expression in every stage of Pea, we 
showed the results in Table 2. Seventy-five percent of 
locally advanced and node positive cancers (i.e. C-D 
stages) expressed statistically high levels of PSCA versus 
32.5% that were organ confined (i.e. A-B stages) (p < 
0.05). The data demonstrate that PSCA expression 
increases significantly with advanced tumor stage in 
human Pea. 

Correlation of PSCA expression with androgen- 
independent progression of Pea 

Ail 9 specimens of androgen-independent prostate can- 
cers stained positive for PSCA protein and mRNA. Eight 
specimens were obtained from patients managed prior to 
androgen ablation therapy. Seven of eight (87.5%) of 
these androgen-independent prostate cancers were in the 
strongest staining category (score = 9), compared with 
three out of eight (37.5%) of patients with androgen- 
dependent cancers (p < 0.05). The results demonstrate 
that PSCA expression increases significantly with progres- 
sion to androgen-independence of human Pea. 

It is evident from die results above that within a majority 
of human prostate cancers the level of PSCA protein and 
mRNA expression correlates significantly with increasing 
grade, worsening stage and progression to androgen-inde- 
pendence. 

Correlation of PSCA immunostaining and mRNA in situ 
hybridization 

In all 88 specimens surveyed herein, we compared the 
results of PSCA IHC staining with mRNA ISH analysis. 
Positive staining areas and its intensity and density scores 
evaluated by IHC were identical to those seen by ISH in 79 
of 88 (89.8%) specimens (18/20 BPH, 19/20 PIN and 42/ 
48 Pea respectively). Importantly, 27/27 samples With 
PSCA mRNA composite scores of 0-2, 32/36 samples 
with scores of 3-6 and 22/24 samples with a score of 9 
also had PSCA protein expression scores of 0-2, 3-6 and 
9 respectively. However, in 5 samples with PSCA mRNA 
overall scores of 3-6 and in 2 with scores of 9 there were 
less or negative PSCA protein expression (i.e. scores of 0- 
4), suggesting that this may reflect posttranscriptional 
modification of PSCA or that the epitopes recognized by 
PSCA mAb may be obscured in some cancers. The data 
demonstrate that the results of PSCA immunostaining 
were consistent with those of mRNA ISH analysis, show- 
ing a high degree of correlation between PSCA protein 
and mRNA expression. 
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Figure I 

Representatives of PSCA IHC and ISH staining in Pea (A. IHC staining. B. ISH staining, *200 magnification). A,, B ,: negative con- 
trol of IHC and ISH. PBS replacing the primary antibody (A,) and hybridization with a sense PSCA probe (B,) showed no back- 
ground staining. A 2 . B 2 : a moderately differentiated Pea (Gleason score = 3+3 = 6) with moderate staining (composite score = 
6) in all malignant cells; A 2 : IHC shows not only cell surface but also apparent cytoplasmic staining of PSCA protein. A Jt B 3 : a 
poorly differentiated Pea (Gleason score = 4+4 = 8) with very strong staining (composite score = 9) in all malignant cells. 
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Discussion 

PSCA is homologous to a group of cell surface proteins 
that mark the earliest phase of hematopoietic develop- 
ment. PSCA mRNA expression is prostate-specific in nor- 
mal male tissues and is highly up-regulated in both 
androgen-dependent and-independent Pea xenografts 
(IAPC-4 tumors). We hypothesize that PSCA may play a 
role in Pea tumorigenesis and progression, and may serve 
as a target for Pea diagnosis and treatment. In this study, 
IHC and ISH showed that in general there were weak or 
absent PSCA protein and mRNA expression in BPH and 
low grade PIN tissues. However, PSCA protein and mRNA 
are widely expressed in HGPIN, the putative precursor of 
invasive Pea, suggesting that up-regulation of PSCA is an 
early event in prostate carcinogenesis. Recently, Reiter RE 
etal [1), using ISH analysis, reported that 97 of 1 18 (82%) 
HGPIN specimens stained strongly positive for PSCA 
mRNA. A very similar finding was seen on mouse PSCA 
(mPSCA) expression in mouse HGPIN tissues by Tran C. 
P et al [8]. These data suggest that PSCA may be a new 
marker associated with transformation of prostate cells 
and tumorigenesis. 

We observed that PSCA protein and mRNA are highly 
expressed in a large percentage of human prostate cancers, 
including advanced, poorly differentiated, androgen- 
independent and metastatic cases. Fluorescence-activated 
cell sorting and confocal/ immunofluorescent studies 
demonstrated cell surface expression of PSCA protein in 
Pea ceils [9). Our IHC expression analysis of PSCA shows 
not only cell surface but also apparent cytoplasmic stain- 
ing of PSCA protein in Pea specimens (Figure 1). One pos- 
sible explanation for this is that anti-PSCA antibody can 
recognize PSCA peptide precursors that reside in the cyto- 
plasm. Also, it is possible that the positive staining that 
appears in the cytoplasm is actually from the overlying 
cell membrane [5 J. These data seem to indicate that PSCA 
is a novel cell surface marker for human Pea. 

Our results show that elevated level of PSCA expression 
correlates with high grade (i.e. poor differentiation), 
increased tumor stage and progression to androgen-inde- 
pendence of Pea. These findings support the original IHC 
analyses by Cu Zet al (9], who reported that PSCA protein 
expressed in 94% of primary Pea and the intensity of 
PSCA protein expression increased with tumor grade, 
stage and progression to androgen-independence. Our 
results also collaborate the recent work of Han KR et al 
1 10], in which the significant association between high 
PSCA expression and adverse prognostic features such as 
high Gleason score, seminal vesicle invasion and capsular 
involvement in Pea was found. It is suggested that PSCA 
overexpression may be an adverse predictor for recur- 
rence, clinical progression or survival of Pea. Hara H et al 
used RT-PCR detection of PSA, PSMA and PSCA in 1 



ml of peripheral blood to evaluate Pea patients with poor 
prognosis. The results showed that among 58 PCa 
patients, each PCR indicated the prognostic value in the 
hierarchy of PSCA>PSA>PSMA RT-PCR, and extraprostatic 
cases with positive PSCA PCR indicated lower disease-pro- 
gression-free survival than those with negative PSCA PCR, 
demonstrating that PSCA can be used as a prognostic fac- 
tor. Dubey P et al [12) reported that elevated numbers of 
PSCA + cells correlate positively with the onset and devel- 
opment of prostate carcinoma over a long time span in 
the prostates of the TRAMP and PTEN +/- models com- 
pared with its normal prostates. Taken together with our 
present findings, in which PSCA is overexpressed from 
HGPIN to almost frank carcinoma, it is reasonable and 
possible to use increased PSCA expression level or 
increased numbers of PSCA-positive cells in the prostate 
samples as a prognostic marker to predict the potential 
onset of this cancer. These data raise the possibility that 
PSCA may have diagnostic utility or clinical prognostic 
value in human Pea. 

The cause of PSCA overexpression in Pea is not known. 
One possible mechanism is that it may result from PSCA 
gene amplification. In humans, PSCA is located on chro- 
mosome 8q24.2 |1], which is often amplified in meta- 
static and recurrent Pea and considered to indicate a poor 
prognosis J 13-15]. Interestingly, PSCA is in close proxim- 
ity to the c-myc oncogene, which is amplified in >20% of 
recurrent and metastatic prostate cancers (16,17). Reiter 
RE etal 1 18 1 reported that PSCA and MYC gene copy num- 
bers were co-amplified in 25% of tumors (five out of 
twenty), demonstrating that PSCA overexpression is asso- 
ciated with PSCA and MYC coamplification in Pea. Gu Z 
et al |9J recently reporteted that in 102 specimens availa- 
ble to compare the results of PSCA immunostaining with 
their previous mRNA ISH analysis, 92 (90.2%) had iden- 
tically positive areas of PSCA protein and mRNA expres- 
sion. Taken together with our findings, in which we 
detected moderate to strong expression of PSCA protein 
and mRNA in 34 of 40 (85%) Pea specimens examined 
simultaneously by IHC and ISH analyses, it is demon- 
strated that PSCA protein and mRNA overexpressed in 
human Pea, and that the increased protein level of PSCA 
was resulted from the upregulated transcription of its 
mRNA. 

At present, the regulation mechanisms of human PSCA 
expression and its biological function are yet to be eluci- 
dated. PSCA expression may be regulated by multiple fac- 
tors [ 1 8). Watabe T et al [19] reported that transcriptional 
control is a major component regulating PSCA expression 
levels. In addition, induction of PSCA expression may be 
regulated or mediated through cell-cell contact and pro- 
tein kinase C (PKC) |20). Homologues of PSCA have 
diverse activities, and have themselves been involved in 
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carcinogenesis. Signalling through SCA-2 has been dem- 
onstrated to prevent apoptosis in immature thymocytes 
[21 ). Thy-1 is involved in T cell activation and transducts 
signals through src-like tyrosine kinases [22]. Ly-6 genes 
have been implicated both in tumorigenesis and in cell- 
cell adhesion [23-25]. Cell-cell or cell-matrix interaction is 
critical for local tumor growth and spread to distal sites. 
From its restricted expression in basal cells of normal 
prostate and its homology to SCA-2, PSCA may play a role 
in stem/progenitor cell function, such as self-renewal (i.e. 
anti-apoptosis) and/or proliferation [1]. Taken together 
with the results in the present study, we speculate that 
PSCA may play a role in tumorigenesis and clinical pro- 
gression of Pea through affecting cell transformation and 
proliferation. From our results, it is also suggested that 
PSCA as a new cell surface antigen may have a number of 
potential uses in the diagnosis, therapy and clinical prog- 
nosis of human Pea. PSCA overexpression in prostate 
biopsies could be used to identify patients at high risk to 
develop recurrent or metastatic disease, and to discrimi- 
nate cancers from normal glands in prostatectomy sam- 
ples. Similarly, the detection of PSCA-overexpressing cells 
in bone marrow or peripheral blood may identify and pre- 
dict metastatic progression better than current assays, 
which identify only PSA-positive or PSMA-positive pros- 
tate cells. 

In summary, we have shown in this study that PSCA pro- 
tein and mRNA are maintained in expression from 
HGPIN through all stages of Pea in a majority of cases, 
which may be associated with prostate carcinogenesis and 
correlate positively with high-tumor grade (poor eel! dif- 
ferentiation }, advanced stage and androgen-independeni 
progression. PSCA protein overexpression is due to the 
upregulation of its mRNA transcription. The results sug- 
gest that PSCA may be a promising molecular marker for 
the clinical prognosis of human Pea and a valuable target 
for diagnosis and therapy of this tumor. 
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Abstract 

Transtatlon Initiation Is regulated In response to 
nutrient avanabmty end mrtogenJc stimulation and Is 
coupled with con cycle progression and cefl growth. 
Severn alterations fri translations! control occur In 
cancer. Variant mRNA sequences can alter the 
transtationa) efficiency of lno5vldual mRNA molecules, 
which In turn play a role In cancer biology. Changes In 
the expression or availability of components of the 
translatfonal machinery and En the activation of 
translation through signal transduction pathways can 
toad to more global changes, such as an Increase In 
the overall rate of protein synthesis and translationa! 
activation of the mRNA molecules Involved In cell 
growth and proliferation. We review the baste 
principles of translationa! control, the alterations 
encountered In cancer, and selected therapies 
targeting translation Initiation to help elucidate new 
therapeutic avenues. 

Introduction 

The fundamental principle of molecular therapeutics In can- 
cer Is to exploit the differences In gene expression between 
cancer cells and norma) cells. With the advent of cDNA array 
te^riotogy, most efforts have concentrated on Identifying 
differences In gene expression at the level of mRNA, which 
can be attributable either to DNA amplification or to differ- 
ences In transcription. Gene expression Is quite complicated 
however, and Is also regulated at the level of mRNA stability 
mRNA translation, and protein stability. 

The power of translatfonal regulation has been best recog- 
nized among developmental biologists, because transcription 
does not occur In early embryogenesls In eukaryotes. For ex- 
ample, in Xenopus, the period of transcriptional quiescence 
continues until the embryo reaches mk&Iastula transition, the 
^OW-ceflstasaTr^ 

tanscribed during oogenesis and stockpiled fn a translationally 
Inactive, masked form. The mRNA are translationally activated 
at appropriate tomes during oocyte maturation, fertilization, and 



early embiy^c^^ 
control. 

Translation has an established rote In cell growth. Basi- 
cally, an Increase In protein synthesis occurs as a conso- 
quence of mftogenesfs. Until recently, however, lithe was 
known about the alterations In mRNA translation In cancer,, 
and much la yet to be discovered about their role In the 
development and progression of cancer. Here we review the 
baste principles of translatfonal control, the alterations en~ 
ctxin^lnca^ 
tton hirJatkw to ehjckiate rjot^ 

Basic Principles of TransIaUonal Control 
Mechanism of Translation Initiation 
Translate 
TicUTS^ 

tRNA and the 40S and 60S rfi»sc<r^suburtearerecruKBdto 
the 5' end of a mRNA molecule and assemrjted by eukaryotlc 
translation Initiation factors Into an 80S rfbosome at the start 
codon of the mRNA (fig. 1). The 5' end of eulcjryotfe mRNA Is 
capped, ta, contains the cap structure m 7 GpppN (J-ft^^ 
gua™>sine-1npr^ Most translation In 

eukaryotes occurs In a cap-dependent fashion, JLa,thecapfe 
srjecfficalry recognized by tr» elF4E, 3 wrik^ birxls tt)e 5' cap 
The elF4F translation Initiation complex Is then formed by the 
assembly of eIF4E, the RNA heflcase"e!F4A, and eIF4Q, a 
scaffolding protein that mediates the binding of the 40S ribo- 
somal subunlt to the mRNA molecule through interaction wfth 
the elF3 protein present on the 40S ribosoma elF4Aand e)F4B 
participate rn melting the secondary structure of the 5' LfTR of 
the mRNA. The 43S Initiation complex (40^elF2^let-tRrW 
GTP complex) scans the mRNA in a 5'-*3' direction until it 
encounters an AUG start codon. This start codon Is then base- 
paired to the arrtlcodon of Initiator tRNA, forming the 48S initi- 
ation complex The Initiation factors are then displaced from the 
48S complex, and the 60S ribosome Joins to form the 80S 
ribosoma 

Unlike most eukaryotic translation, translation Initiation of 
certain mRNAs, such as the plcomavirus RNA, Is cap inde- 
pendent and occurs by Nemal ribosome entry. This mecha- 
nism does not require e!F4E. Either the 43S complex can bind 
the Initiation codon directly through interaction with the IRES In 
the 5' UTR such as In the encephajomyocarditis virus, or it can 
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2^LS?2f^ h Guka ^oteB. The 46-BPs are hyperphos- 

^L i^^^^ b assembted - interacaon of pcW$ S 
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InfrJaily attach to the IRES and then reach the inflation codon by 
scanning or transfer, as Is the case wrth the poliovirus (1). 

Regulation of Translation Initiation 
Translation Initiation can be regulated by alterations In the 
expression or phosphorylation status of the various factors 
Involved. Key components In translational regulation that 
may provide potential therapeutic targets follow. 

e!F4E elF4E plays a central role In translation regulation 
It Is the least abundant of the Initiation factors and Is con- 
sidered the rate-llmRIng component for Initiation of cap- 
dependent translation, elF4E may also be Involved In rnRNA 
splicing, mRNA 3' processing, and rnRNA nixrfeocytopias- 
mlc transport (2). elF4E expression can be Increased at the 
transcriptional level In response to serum or growth factors 
(3). elF4E overexpresslon may cause preferential translation 
of mRNAs containing excessive secondary structure in their 
5' UTR that are normally discriminated against by the trans- 



teUona) machinery and thus are Inefficiently translated (4-7) 
As examples of this, overexpresslon of eIF4E promotes ir»~ 
creased translation of vascular endothelial g/owth factor 
ffijroofast growth tactor-2, and cycttn D1 (2, 6, 9). 

Another mechanism of control Is the regulation of elF4E 
phosphorylattoa elF4E phosphorylation is mediated by the 
nrrJtogen-actlvated protein kinase-lnteracting kinase 1 , whJcti 
Is activated by the mltogen-actfvated pathway activating 
extracellular slgoaJ-related kinases and the stress^cUvatecl 
pathway acting through p38 rnJtogen-actlvated protein ki- 
nase (10-13). Several mitogens, such as serum, platelet- 
derived growth factor, epidermal growth factor, Insulin, 
angiotensin II, sre kinase overexpresslon, and ras over- 
expression, lead to efF4E phosphorylation (14). The phos- 
phorylation status of elF4E Is usually correlated with the 
translaWonaJ rate and growth status of the cell; however; 
eiF4E phosphorylation has ateo been observed In response 
to some cellular stresses when transtetionaJ rates actually 
decrease (16). Thus, further study Is needed to understand 
the effects of eIF4E phosphorylation on elF4E activity. 

Another mechanism of regulation Is the alteration of e!F4H 
availability by the binding of eIF4E to the elF4&bindIng pro- 
telns (4E-BP, ateo known as PHAS-I). 4E-BPs compete with 
elF4G for a binding site In e!F4E. The binding of elF4E to the 
best characterized elF4E-btndIng protein, 4E-BP1, is regu- 
lated by 4E-BP1 phosphorylatioa Hypophosphorylated 4E- 
BP1 binds to elF4£ whereas 4E-BP1 hyperphosptorylatton 
decreases this binding. Insulin, angiotensin, • epWermal 
growth factor, platelet-derived growth factor, hepatocyte 
growth factor, nerve growth factor, Insulln-IIke growth factors 
I and II, mterleukin 3, granulocyte-macrophage colony-stim- 
ulating factor -f steel factor, gastrin, and the adenovirus have 
all been reported to induce phosphorylation of 4E-BP1 and 
to decrease the ability of 4E-BP1 to bind eIF4E (15, 16). 
Conversely, deprivation of nutrients or growth factors results 
in 4E-BP1 dephosphorylatlon. an Increase In elF4E binding 
and a decrease In cap-dependent translation. 

P70S6 Kinase. Phosphorylation of ribosomal 40S protein 
S8 by S6K Is thought to play an Important role In translations! 
regulation. S6K mouse embryonic cells proliferate more 
slowly than do parental cells, demonstrating that S6K has a 
positive Influence on cell proliferation (1 7). S6K regulates the 
translation of a group of mRNAs possessing a 5' terminal 
oUgopyTimiolrretr^ 

protein mRNAs and other mRNAs coding for components of 
the translations machinery. Phosphorylation of S6K is regu- 
lated In part based on the availability of r*uirierrts(18, 19)andls 
stimulated by several growth factors, such as platelet-derived 
growth factor and Insulln-tlke growth factor I (20). 

elF2« Phosphorylation. The binding of the initiator tRNA 
to the small ribosomal unit is mediated by translation Initia- 
tion factor elF2. Phosphoryfation of the o-subunrt of elF2 
prevents formation of the elF2/GTP/Met-tflNA complex and 
irihibTts global protein synthesis {21, 22). elF2a Is phospho- 
rylated under a variety of conditions, such as viral Infection, 
nutrient deprivation, heme deprivation, and apoptosts (22) 
e!F2a (9 phosptrorylated by rternenegulated Inhibitor, nutrient- 
regulated protein Wnase, and the IFN-Induced, double- 
stranded RNA-activated protein kinase (PKR; Ret. 23). 



The mTOR Signaling Pathway. The rnacrollde antibiotic 
rapamycin {SlraSniiis; Wyetb-Ayen* Research, CoOegevflfe, 
PA) has been the subject of Intensive study because It in- 
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tfOTU ^ ^ ^ ^ au na ^ 

Is mTOR (also called FRAP or FWT1). mTOR Is mTrnam^ 
malian homoJogue of the yeast TOR proteins that regulate Q n 
progression and translation In response to nutrient availabil- 
ity (24). mTOR Is a serine-threonine kinase that modulates 
translation Initiation by altering the phosphorylation status of ' 
4E-BP1 and S8K (Rg. 2; Ref. 25). 

4E-BP1 is phosphoryfated on nrwfflpie residues. mTOR phos- 
phorytates the Thr-37 and Thr-46 resldiies of 4&BP1 tovftro 
m luwever.phosphcfyteHon at these sites b not associated 
with a loss of e!F4E btadlng. Phosphorylation of Ttr-37 and 
Tto£46 ts required for subsequent phosphorylation at several 
COOHrtermina), serum-sensitive sites; a combination of these 
Ptosphoortation ©vents appears to be needed to inhibit the 
binding of 4&*P1 to eJF4E (26). The product of the ATM gene, 
P38/MSK1 pathway, and protein kinase Ccr also play a role in 
4E-BP1 phosphorylation (27-29). 

S6K and 4E-BP1 are also regulated, in part, by PJ3K and its 
downstream protein kinase Akt PTEN is a phosphatase that 
negatively regulates PI3K signaling. PTEN nuO ceils have 
constltutively active of Akt, with increased S6K activity and 
SB phosphorylation (30). S6K activity Is Inhibited both by 
PI3K Inhibitors wortmannln and LY294002 and by mTOR 
Inhibitor rapamycin (24). Akt phosphorylates Ser-2448 In 
mTOR In vitro, and this site Is pbosphoryiated upon Akt 
activation in vivo (31-63). Thus, mTOR Is regulated by the 
PI3K/Akt pathway; however, this does riot appear to be the 
only mode of regulation of mTOR activity. Whether the PI3K 
pathway also regulates S6K and 4E-BP1 phosphorylation 
Independent of mTOR is controversial. 

Interestingly, mTOR autophosphoryiation is blocked by wort- 
mannlnbutnotbyrapaniydn^ 

suggests that mTOR-responsive regulation of 4E-BP1 and S6K 
activity occurs through a mechanism other than Intrinsic mTOR 
kinase activity. An alternate pathway for 4E-BP1 and S8K phos- 
phorylation by mTOR activity fe by the Inhibition of a phospha- 
tase. Treatment with caiyculin A, an inhibitor of phosphatases 1 
and 2A, reduces rapamydrHrxfuccd dephosphorylation of 4E- 
BP1 and S6K by rapamycin (35). PP2A Internets with full-length 
S6K but not with a S6K mutant that Is resistant to dephospho- 
rylation resulting from rapamycin. mTOR phosphorylates PP2A 
in vfoo; however, how this process alters PP2A activity is not 
known. These results are consistent with the model that phos- 
phorytation of a phosphatase by mTOR prevents dephospho- 
rylation of 4E-BP1 and S6K, and conversely, that nutrient dep- 
rivation and rapamycin block inhibition of the phosphatase by 
mTOR. 

Potyadenyiation. The Po!y(A) tall In eukaryotlc mRNA Is 
Important In enhancing translation Initiation and mRNA sta- 
bility. Polyadenyfatlon plays a key role In regulating gene 
expression during oogenesis and earty embryogenesls. 
Some mRNA that are translattonally Inactive In the oocyte are 
polyadenylated concomitantly with translational activation In 
oocyte maturation, whereas other mRNAs that are transla- 
tlonally active during oogenesis are deadenytated and trans- 
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lationaJly silenced (38-38). Thus, control of poly(A) tail syn- 
thesis Is an important regulatory step In gene expression 
The 5' cap and po!y(A) tail are thought to function synergls- 
tlcaily to regulate mRNA translational efficiency (39, 401 

RNA Packaging. Most RNA-blndlng proteins are assem- 
bled on a transcript at the time of transcription, thus deter- 
mining the translational fate of the transcript (41). A highly 
conserved family of Y-box proteins Is found m cytoplasmic 
messenger ribonucleoproteln particles, where the proteins 
are thought to play a rote In restricting the recruitment of 
mRNA to the translational machinery (41-43). The major 
mRNA-assoclated protein, YB-1 , destabilizes the Interaction 
of elF4E and the 5' mRNA cap in vitro, and overexpression of 
YB-1 results In translational repression in vivo (44). Thus, 
alterations In RNA packaging can also play an Important role 
in translational regulation. 

Translation Alterations Encountered in Cancer 

Three main alterations at the translational level occur in cancer 
variations In mRNA sequences that increase or decrease trans- 
lational efficiency, changes In the expression or availability of 
components of the translational machinery, and activation of 
translation through aberrantly activated signal transduction 
pathways. The first alteration affects the translation of an Indi- 
vidual mRNA mat may play a role In carcinogenesis. The sec- 
ond and third alterations can lead to more global changes, such 
as an Increase In the overafl rate of protein synthesis, and the 
translational activation of several mRNA species. 

Variations in mRNA Sequence 
Variations In mRNA sequence affect the translational effi- 
ciency of the transcript, a brief description of these variation 
and examples of each mechanism follow. 

Mutations, Mutations in the mRNA sequence, especially 
In the 5' UTR, can alter its translational efficiency, as seen in 
the following examples. 
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otnya Saito er at, proposed that translation of fuH-length 
*myc Is repressed, whereas In several BuWtt lymphomas 
^n^defettonsoftte^ 
bmomeffk^(45),M^ 

5 uTR of omyo contains an IRES, and thus <nnyc transla- 
Con can be Initiated by a cap-Independent as weD as a 
capKtependent mechanism 

myeloma, a C-+T mutation In the o-myc IRES was Identified 
(48) aodfound to cause an enhanced Wtiatlonof transfatlon 
via Internal rfbospmal entry (48). 

BRQA1 . A somatic point mutation (117 G->C) In position 
-3 with respect to the start codon of the BRCAl gene was 
WerrtfftKilnaWghfyaggnBssto 

Chlmerte constructs consisting of the wild-type or mutated 
BRCA1 5' Um and a downstream ludferase reporter dem- 
J^ated a decrease in the translatk>nale1fk^cyv^me5' 
UTR mutation, 

independent Kinase Inhibitor 2A. Some Inherited 
melanoma kindreds have a Q~>1 transverslon at base -34 
of cycfirMiependent kinase lrrt*Wtor-2A, which encodes a 
cyclir>dependent kinase 4/cyclin-dependent kinase 6 kinase 
Inhibitor Important In G, checkpoint regulation (51). This 
mutatloivghres rise to a novel AUG translation Initiation 
codon, creating an upstream open reading frame that conv 
petes for scanning ribosomes and decreases translation 
from the wild-type AUa 

Alternate Splicing and Alternate Transcription Start 
Sites. Alterations In splicing and alternate transcription sites 
can lead to variations m 5' LTTR seq uence, length, and second- 
ary strucajre, ultimately Impacting translational efficiency. 

Am. The ATM gene has four nonoocfing exons in its 5' 
UTR that undergo extensive alternative splicing (52). The 
contents of 12 different 5' UTRs that show considerable 
diversity In length and sequence have been Identified. These 
divergent 5' leader sequences play an Important role In the 
translational regulation of the ATM gene. 

mdm. in a subset of tumors, overexpresslon of the onco- 
protein mdm2 results In enhanced translation of the mdm2 
mRNA Use of different promoters leads to two mdm2 tran- 
scripts that differ only In their 5' leaders (53). The longer 5' 
UTR contains two upstream open reading frames, and this 
mRNA Is loaded with ribosomes Inefficiently compared with 
the short 5' LTTR. 

BRCAL In a normal mammary gland, BRCAl mRNA Is 
expressed with a shorter leader sequence (5'UTRa), whereas 
In sporadic breast cancer tissue, BRCAl mRNA is expressed 
with a longer leader sequence (5' UTRb); the translational 
efficiency of transcripts containing 5' UTRb Is 10 times lower 
than that of transcripts containing 5' UTRa (54). 

TGF-fi& mRNA includes a 1.1 -kb 5' UTR, which 

exerts an Inhibitory effect on translatioa Many human breast 
cancer cell fines contain a novel TCF-03 transcript with a 5' 
UTR that is 870 nucleotides shorter and has a 7-fofd greater 
translational efficiency than the normal TGF-& mRNA (55) 

Alternate Polyadenylation Sites. Multiple polyadenyi- 
atlon signals leading to the generation of several transcripts 
with differing 3' UTR have been described for several mRNA 
species, such as the RET protc-oncogene (56), ATM gene 
(52), tissue Inhibitor of metalloprotelnases-3 (57), RHOA 



proto-oncogene (58), and calmodulin-! (59). Although tho 
effect of these alternate 3' UTRs on translation is notyot 
known, they may be Important In RNA-protef n Interactions 
that affect translations! recruitment The role of these alter- 
ations In cancer development and progression is unknown. 

Alterations In tho Components of the 
Translation Machinery 

Alterations In the components of translation machinery can 
take many forms. 

Overexpnossslon of 6JF4E. Overexpresslon of elF4E 
causes maHgnant trarrsfamatlon In ralent cells (BQ and the 
deregulation of HeLa ceil growth (61). Pokinovsky et si (6a) 
found that elF4E overexpresston substitutes for serum and 
Individual growth factors In preserving viability of fibroblasts, 
which suggests that eIRE can mediate both proliferative and 
survival signaling. 

Bevated levels of eIF4E mRNA have been found in a broad 
spectrum of transformed cell lines (63). elF4E levels are 
elevated In all ductal carcinoma in situ specimens and Inva- 
sive ductal carcinomas, compared with benign breast spec- 
imens evaluated with Western blot analysis (64, 65). Prelim- 
inary studies suggest that this overexpresslon Is attributable 
to gene amplification (68). 

There are accumulating data suggesting that e!F4E overex- 
presslon can be valuable as a prognostic marker. eIF4E cver- 
expression was found in a retrospective study to be a marker of 
poor prognosis In stages I to II) breast carcinoma (67>. Verifica- 
tion of the prognostic value of elF4E in breast cancer Is now 
under way In a prospective trial (87). However, In a different 
study, elF4E expression was correlated with the aggressive 
behavror of non-HodgWn's lymphomas (68). In a prospective 
analysis of patients with head and neck cancer, elevated levels 
of eIF4E In htetc4ogfcany turner-free surgical margins predicted 
aslgrirfk^ntiy Creased rtek of locakegtonal recurrence (9) 
These results all suggest that elF4£ overexpresslon can be 
used to select patients who might ber^ from rrwre aggressive 
systeinrc therapy. Furtrtem^ 

suggest that eIF4E overexpresslon is a field defect and can be 
used to guide local therapy. 

Alterations in Other Initiation Factors. Alterations In a 
number of other initiation factors have been associated with 
cancer. Overproduction of elF4G, similar to elF4E, leads to 
malignant transformation in vtoo (69). eIF-2a is found In 
Increased levels In bronchloloalveoter carcinomas of the lung 
(3). Initiation factor elF-4A1 is overexpressed In melanoma 
(70) and hepatocellular carcinoma (71). The p40 subunft of 
translation Initiation factor 3 is amplified and overexpressed 
In breast and prostate cancer (72), and the elF3-p1 10 subunft 
Is overexpressed In testicular seminoma (73). The role that 
overexpresslon of these initiation factors plays on the devel- 
opment and progression of cancer, if any. Is not known 

Overexpresslon of S6K. S6K Is amplified and highly 
overexpressed In the MCF7 breast cancer cell line, com- 
pared with normal mammary epithelium (74). In a study by 
Bariund ef aJ. (74), S6K was amplified In 59 of 668 primary 
breast tumors, and a statistically significant association was 
observed between amplification and poor prognosis. 



OverexpressJon of PAP. PAP catalyzes 3' poty(A) syn- 
thesis; PAP fe.overexpressed In human cancer cells com- 
pared with normal and vtrally transformed cells (75). PAP 
enzymatic acth% in breast tumors has been correlated with 
PAP protein teveb (76) and, In mammary tumor cytosok, was 
found to be an ImJependent factor for predicting survival (76). 
Uttte b known, however, about how PAP expression or ac- 
tivity affects the translations! profile. 

Altera* cms In RNA4rfmflng Proteins. Even teals known 
about alterations in RNA packaging In cancer. Increased ex- 
pression and nuclear locaBzation of the RNA-Wndkig protein 
YB-1 are Incficatois of a poor prognosis for breast cancer (77), 
non-smaB cell lung cancer (78), and ovarian cancer (79). How- 
ever, this effect may be mediated at least in part at the level of 
tianscnptJoa because Imareasest^enxrestetancebye^ 
hanclng the transcription of a muftkirug resistance gene (BO), 

Activation of Signal Transduction Pathways 
Activation of signal transduction pathways by loss of tumor 
suppressor genes or overexpresslon of certain tyrosine kinases 
can contribute to the growth and aggjesshreness of tumors. An 
Impo rtart^ mutant In human cancers is the tumor suppressor 
genoPTJBIV, whk^ leads to the ac^ 
way. Activation of PBK and Akt Induces tr* orax^te trans- 
formation of chicken embryo fnDrobtastaThetransformod ceJte 
show constitutive prtosphorytatfon of S6K and of 4E-BP1 (81), 
A mutant AW that retains kinase activity but does not pbos- 
phorylate 56K or 4E-BP1 does not transform fibroblasts, which 
suggests a correlation between the oncogenicity of PJ3K and 
Akt artd the phosphorylation of S6K and 4E-BP1 (81). 

Several tyrosine kinases such as platelet-derived growth 
factor, Insulln-like growth factor, HER^eu, and epidermal 
growth factor receptor are overexpressed In cancer. Be- 
cause these Wnases activate downstream signal transduc- 
tion pathways known to after translation Initiation, activation 
of translation Is likely to contribute to the growth and aggres- 
siveness of these tumors. Furthermore, the mRNAfor many 
of these kinases themselves are under translatfonal control. 
For example, HER2/neu mRNA Is translattonalfy controlled 
both by a short upstream open reading frame that represses 
HER2/neu translation In a cell type-Independent manner and 
by a distinct cell type-dependent mechanism that Increases 
translaUonal efficiency (82). HER2/neu translation Is different 
In transfonmed and normal cells. Thus, it Is possible that 
alterations at the translations level can In part account for 
the discrepancy between HER2/neu gene amplification de- 
tected by fluorescence In sfto hybridization and protein levels 
detected by Immunohlstochemlcal assays. 



Translation Targets of Selected Cancer Therapy 
Components of the translation machinery and signal path- 
ways Involved In the activation of translation Initiation repre- 
sent good targets for cancer therapy. 

Tafjgetlng the mTOR Signaling Pathway: Rapamycin 
and Tumstattn 

Rapamycin Inhibits the proliferation of lymphocytes. It was 
Initially developed as an Immunosuppressive drug for organ 



transptentatton, Rapamycin with FKBP 12 fKSOS-blndlng 
protein, M r 12,000) binds to mTOR to Inhibit Its function. 

Rapamycin causes a small but significant reduction In the 
Initiation rate of protein synthesis It Mocks cefl growth In 
part by blocking S8 phosphorylation and selectively su£>- 
pressing the translation of 5'TOP mRNAs. suchasribosomal- 
proteins, and elongation factors (83-85). Rapamycin also 
blocks 4E-BP1 phosphoryiatlon and Inhibits cap^epehdent 
but not cap-Independent translation (17, 86). 

The rapamydn-sensffive signal transduciton pathway, acti- 
vated during malignant transformation srd cancer progression, 
te now being studied as a target to 
tatB, breast, smafl cell fung,g 

leukemia are among the cancer Bnes most sensitive to the 
rapamycin analogue OW-779 (WyetrrAyerst Research; Ret. 
B^Jnrhalxtomycosarc 

static or cytoeidal, depending on the p53 status of the cell; p53 
wild-type cefls treated with rapamycin arrest tn the G, phase 
and maintain their vtabUrty, whereas p53 mutant oelb accumu- 
late In Q t and undergo apoptosis (88, 89). In a recentiy reported 
study using human primitive neuroectodennal tumor and 
medultobtestoma models, rapamycin exhtoited more cytotox- 
icity In corrfofcatktt with cfe^^ 

single agent In vivo, CO-779 delayed growth of xenografts by 
160% after! week of tterapy ami 240% after 2 weeks. A single 
high-dose administration caused a 37% decrease In tumor 
voturne. Growth inhibition h vivo was 1J3 times greater, with 
clsplatm In combination with CO-779 tr^ with clsplatJn alone 
W "Thus, preclinical studies suggest that rapamycin ana- 
logues are useful as single agents and fan combination with 
cher/Krtherapy. 

Rapamycin analogues CCl-779 and RAD001 (Novartls, 
Basel, Switzerland) are now In clinical trials. Because of the 
known effect of rapamycin on lymphocyte proliferation, a 
potential problem with rapamycin analogues is Immunosup- 
pression. However, although prolonged Immunosuppression 
can result from rapamycin and CCl-779 administered on 
continuous-dose schedules, the Immunosuppressive effects 
of rapamycin analogues resolve In -24 h after therapy 
(91). The principal toxicities of CCl-779 have included der- 
matological toxicity, myelosuppresslon, infection, mucositis, 
diarrhea, reversible elevations In liver function tests, hyper- 
glycemia, hypokalemia, hypocalcemia, and depression (87 
92-94). Phase II trials of CCl-779 have been conducted In 
advanced renal cell carcinoma and In stage Ill/TV breast 
carcinoma patients who failed with prior chemotherapy. In 
the results reported in abstract form, although there were no 
complete responses, partial responses were documented In 
both renal cell carcinoma and In breast carcinoma (94, 95). 
Thus, CCi-779 has documented preliminary clinical activity In 
a previously treated, unselected patient population. 

Active Investigation Is underway Into patient selection for 
mTOR Inhibitors. Several studies have found an enhanced 
efficacy of CCl-779 In PTEN-nuIl tumors (30, 96). Another 
study found that six of eight breast cancer cell lines were 
responsive to CCl-779, although only two of these lines 
lacked PTEN (97) There was, however, a positive correlation 
between Akt activation and CCl-779 sensitivity (97). This 
correlation suggests that activation of the PI3K-Akt pathway, 
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regardless of whether it fe attributabtetoaPTENffnitattonor 
to overexpresston of receptor tyrosine Wnases, makes caiv 
cer cell amenable to mTOB-directed therapy. In contrast, 
lower levels of the target of mTOR, 4E-BP1, are associated 
with rapamydn resistance; thus, a lower 4E-BP1/elF4E ratio 
may predict rapamycln resistance (98). 

Another mode of activity for rapamydn and Its analogues 
appears to be through Inhibition of anglogeneste. This activ- 
ity may be both through direct inhibition of endothelial can 
proliferation as a result of mTOR Wilbftlon In these cells orby 
inhibition of translation of such proanglogenlc factors as 
vascular endothelial growth fector In tumor cells (99, 100). 

The anglogenesls Inhibitor tumstatln, another anticancer 
drug currently under study, was also found recently to Inhibit 
translation in endothelial ceOs (101). Through a requisite In- 
teraction with Integrfn, tumstatln Inhibits activation of the 
PBK/Akt pathway and mTOR in endothelial cells and pre- 
vents dissociation of elF4E from 4E-BP1. thereby Inhibiting 
cap-dependent translation. These findings suggest that en- 
dothelial cells are especially sensitive to therapies targeting 
the mTOR-slgnallng pathway. 

Targeting e/fi2ar EPA, Clotrimazole, mda-7. 
and Ravonokfs 

EPA Is an n-3 polyunsaturated fatty acid found In the fish- 
based diets of populations having a low Incidence of cancer 
(102). EPA Inhibits the proliferation of cancer cells (103), as 
wen as in animal models (104, 1 05). It blocks cell division by 
inhibiting translation initiation (105). EPA releases Ca 2+ from 
Intracellular stores while Inhibiting thefr refining, thereby ac- 
tivating PKR. PKR, in turn phosphorylates and inhibits elF2a 
resulting In the Inhibition of protein synthesis at the level of 
translation initiation. Similarly, clotrimazole, a potent antipro- 
liferative agent In vitro and In vivo, Inhibits cell growth through 
depletion of Ca 2 + stores, activation of PKR, and phospho- 
rylation of e!F2a (1 06). Consequently, clotrimazole preferen- 
tially decreases the expression of cyclins A, E, and D1 
resulting In blockage of the cefl cycle In G v 

mda-7 Is a novel tumor suppressor gene being developed 
as a gene therapy agent. Adenoviral transfer of mda-7 (Ad- 
mda7) Induces apoptoste In many cancer ceils Including 
breast, colorectal, and lung cancer (107-1 09). Ad-mda7 also 
Induces and activates PKR, which leads to phosphorylation 
of elF2a and Induction of apoptosis (110). 

Ravonokls such as genlstein and quercetin suppress tu- 
mor ceB growth. All three mammalian elF2a kinases, PKR, 
heme-regulated Inhibitor, and PERK/PEK, are activated by 
flavonoids. with phosphorylation of elF2a and inhibition of 
protein synthesis (111). 

Targeting elF4A and elF4E: Antlsense RNA 
and Peptides 

Antlsense expression of elF4A decreases the proliferation rate 
of melanoma cells (112). Sequestration of eIF4E by overexpres- 
sfon of 4E-BP1 is proapoptotlc and decreases tumortgenldty 
(1 13, 114). Reduction of e!F4E with antlsense RNA decreases 
soft agar growth, Increases tumor latency, and Increases the 
rates of tumor doubling times (7). Antlsense elF4E RNA treat- 



mert also naluces the expre^ 

ard has been proposed asapotentiala^ 

arrfneckrarK^partfcutenVv^ 

surgical margins. Small molecule hWWto thai Wnd^e0=4^ 

4MP14)lnding domain of e!F4E are proapoptotlc (116) and 

are also being actively pursued. 

Exploiting Selective Translation for Gene Therapy 
A different therapeutic approach that takes advantage of the 
enhanced cajwiependent trandatlon In cancer cefis Is the use 
of gene therapy vectors encoding suicide genes with highly 
structured 5' UTRThesemRWv^traisbeatacornpet^ 

cancer cefe, they would translate more effldentV. r\yeo(ample. 
the Wrodu<toof the5' imioffibro^ 
to cod^ sequence of te^sfr^^ 
Afrase gene, allows for selective translation of herpes simplex 
virus rype-f thymidine kinase gene In breast cancer ceO fines 
compared with normal mammary cell fines and results In se- 
lective sensitivity to ganciclovir (1 1 7). 

Toward the Future 

Translation Is a crucial process In every ce! I However, several 
afteratkraM transitional cbr^ occur hcar^. Cancer cell3 
appear to need an aberrantly activated trarslattonat state for 
survfval. thus allowing the targeting of translate 
surprisingly low toxicity. Components of the transitional ma- 
chinery, such as elF4E, and signal transduction pathways in- 
volved fn translation Initiation, such mTOR, represent promising 
targets tacarra therapy. Inhibitors of the mTOR have already 
shown some preliminary activity in clinical trials. It Is possible 
that with the development of better predictive markers and 
better patient selection, response rates to single-agent therapy 
can be Improved. Similar to other cytostatic agents, however, 
mTOR Inhibitors are most likely to achieve clinical utility in* 
combination therapy. In the Interim, our Increasing understand- 
ing of translation Initiation and signal transduction pathways 
promise to lead to the WentifteatJon of new therapeutic targets 
In the near future. 
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